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A thesis submitted to the University of St. Andrews 
for the Doctorate of Philosophy contained the practical 
work which is described in Publications 2, 3, and 4, and 
embodied the theoretical ideas of Publications i and 2, but 
did not contain the modified views on the constitution of 
morphine which are recorded in Publication 3. The work 
which is described in the remaining publications, with 
the exception of one or two isolated experiments which 
have been repeated and extended since that date, has not 
been submitted for any Degree. 
1 feel that some explanation should be made of the 
reason why part of the experimental work on the aporphine 
alkaloids has been carried out in collaboration. One of the 
essential features of this work has been the necessity for 
speed, in order to compete with the work of other investigators 
who are in a position to avail themselves of more assistance 
than is at my disposal. This need for haste requires 
no illustration beyond the direction of attention to three 
facts. Firstly, the publication of the syntheses of 
bulbocapnine methylether and of corytuberine dimethylether 
forestalled by one month in each case the appearance of 
papers on these subjects by Spath and his collaborators. 
Secondly, the results obtained from the work on the 
constitution of laurotetanine have been anticipated by a 
few days by the publications of Spath and of Barger and 
their co- workers. Finally, a paper entitled "The 
synthesis of apomorphine dimethylether" was read by 
Pschorr and his assistants at a meeting held in Berlin 
on December 8th (Ber. 1928, December). 
It is clearly stated on each joint Publication what has 
been my share in the experimental work. 
This thesis has been entirely composed by myself. 
December 1928. 
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THE CONSTITUTION OF THE MORPHINE ALKALOIDS. 
l. 
INTRODUCTION. 
In any general survey of the researches of the past 
fifty years in the wide field of alkaloidal chemistry, 
it is clear that no problem has exercised a greater 
fascination for chemists or has received more attention 
than that of the constitution of morphine. The complexity 
of the structures involved, the intricacy of the reactions 
which they undergo, and the obvious importance of these 
structures and reactions to medical science has attf'acted 
a very large number of workers. The great mass of evidence 
which has accumulated from their studies renders it an 
impossible task either to approach the subject from what 
would be the most natural starting point -- namely the 
historical point of view, or even to mention each of the 
individual researches which have been devised to attack 
the problem. It will be necessary therefore to assume 
a formula, or rather a part -formula, to justify this by 
reference to some of the experiments which have a direct 
bearing on the points involved, and to pass from such 
a part -formula to the consideration of the questions which 
then remain unanswered. 
The sensitivity of morphine to oxidation has caused 
most investigators to restrict themsives to the use of 
2. 
codeine or thebaine, and accordingly most of the compounds 
which come under consideration contain the phenolic 
hydroxyl group of morphine in the form of its methyl ether, 
and are thus derivatives of codeine. The author therefore 
proposes (I) as a part -formula for dihydrocodeine, a base 
produced by the catalytic reduction of codeine, and wishes 
to attack the problem of the constitution of the alkaloids 
with this as a fundamental assumption. It will be noted 
that the valencies of three carbon atoms in ring III are 
unsatisfied and that one carbon linkage and two hydrogen 







THE CONS'T'ITUTION OF DIHYDROCODEINE 
The researches of Freund, Knorr, Pschorr, Vongerichten, 
and their collaborators have fully demonstrated the following 
points in connection with the morphine alkaloids: - 
A. The aromatic character of one nucleus: 
B. The existence of a phenanthrene skeleton with a tertiary 
methylamino -group attached to it directly and also through 
a chain of two carbon atoms not included in the nucleus: 
C. The position of the phenolic and alcoholic hydroxyl groups: 
D. The existence of an ether -oxygen bridge. 
In order °to justify the assumption of formula (I), 
however, it is necessary to refer briefly to the experiments 
which prove the truth of the four statements which have just 
been made. 
A. The aromatic character of the uppermost nucleus has been 
repeatedly illustrated by the preparation of the normal 
benzenoid derivatives, e.g. nitrocodeine, codeine sulphonic 
acid, bromomorphine, and several others. The substituent 
remains unaffected throughout the transformations for which. 
the group: of compounds is noted, and is either in position 
1 or 2. Moreover, the ring contains a phenolic hydroxyl 
or its methyl ether, and remains unaffected by those 
reactions which attack the rest of the molecule. 
4. 
In connection with this nucleus, it is interesting to 
1 
note the production by Barth and Weidel of protocatechvic 
acid (II) by the fusion of morphine with alkali. 
H ° cozH 
B. By distilling morphine with zinc dust, Vongerichten 
2 
and Schrbtter obtained ammonia, trimethylamine, phenanthrene, 
pyridine, and two other bases. One of these was probably 
quinoline, and the other was shown to be morphidine, or 
phananthrene quinoline (III). 
iL. 
This degradation to nitrogenous and nitrogen -free 
compounds of known constitution was evidently of the greatest 
importance in determining the morphine skeleton. Although 
it appeared highly probable that the fundamental basis of 
the structure was phenanthrene, the high temperature at 
* In order to maintain the continuity of the text, the 
numerous references are collected together at the end 
of the theoretical discussion. 
5. 
which the reaction had to be carried out might readily 
have caused secondary changes to take place. Vongerichten 
and Schrgtter decided, therefore, to eliminate the nitrogen 
3 
atom by exhaustive methylation (Hofmann), and these authors 
4 
and Hesse obtained in this way methyl morphenol. (IV) . 
Many other true phenanthren.e derivatives have been produced 
by the use of various reagents on thebaine or derivatives 
of the alkaloids, and examples of such compounds are methyl 
5 6 
morphol (V) and its methyl ether, thebaol (VI), 3. me thoxy 
7 
4.6. dioxy -phenanthrene (VII), and the trimethoxy- vinyl - 
phenanthrenes which have resulted from the exhaustive 
methylation of the methyl ethers of morphothebaine, 




In all these degradations, the group -C -C -N is 
liberated, the exact form which it takes depending on the 
state of oxidation of the derivative and on the reagent 
used. It must be noted that either (i) the nitrogen atom 
is set free by itself, as trimethylamine, leaving a vinyl 
group (morphothebaine) or producing ethylene (methyl- morphenól), 
or (ii) the side -chain forms compounds in which there is 
always a carbon chain of two methylene groups (thebaol). 
The grouping ;N -CH -CHI does not occur in degradations of 
f 
morphine products. 
C. Of the three oxygen atoms, one is phenolic. It is 
readily acetylated or benzoylated; it renders morphine 
soluble in alkali, whereas the methyl ether, codeine, is 
8 
insoluble; and C hastaing has prepared definite alkaline 
earth salts, which may be decomposed with carbon dioxide. 
The second oxygen atom forms part of a secondary 
alcoholic hydroxyl group, which may be oxidised to a car- 
bonyl group, and may also be acylated. 
Pechorr and his collaborators have shown conclusively 
that the positions of these oxygen atoms are 3 and 6 
respectively; they have synthesised the methyl ethers of 
the various phenanthrene derivatives which retain the 
oxygen atoms. The steps of this noteworthyand valuable 
7. 
method may be followed best in the accompanying scheme of the 
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D. The third oxygen atom is non -reactive, and resists the 
usual methods of characterisation. Under certain conditions 
of the molecule, however, as for instance a carbonyl group 
at 06, the linkage may be broken, and a phenolic group 
a° 
results. The position of this group/C4 has been de- 
10 
finitely shown by the synthesis of morphol (VIII) by Barger, 
11 
and of its dimethyl ether by Pschorr and Sumuleanu. The 
second of these compounds is the non -basic product of the 
action of acetic anhydride on methylthebainonemethine, and 
thebainone is a ketonic phenol, which is prepared from 
B. 
codeinone (carbonyl at C6) by reducing the oxygen bridge with 
stannous chloride and hydrochloric acid. 
Attachment of one side of the bridge to position 4 
thus appears to be certain, and a consideration of stereo - 
chemical relationships at once suggests C5 as the other side. 
There is, however, more positive evidence on this point. 
Codeine is converted by Hofmann's method into methyl mor- 
phenol (IV) and the constitution of this substance has been 
established by the alkaline fusion of morphenol, which 
12 
produces 3.4.5 trihydroxyphenanthrene (n). The trimethyl 
13 
ether of this has been synthesised by Pschorr. 
9 `/ 
9. 
THE ATTACHMENT OF THE ETHANAMINE 
The only controversial questions remaining in the 
structure (I) are the points of attachment of the two ends 
of the -C -C -N chain. 
(i) The Nitrogen- carbon linkage. 
When codeine is oxidised by means of chromic acid 
at a low temperature, the product is the secondary alcoholic 
hydroxycodeine, richer than codeine by one oxygen atom, 
14 
and yielding a diacetyl derivative and no oxime. If the 
methiodide of this base is warmed with alkali, the resulting 
methine (which is the name given to the class of compounds 
formed in this way) not only reacts as an alcohol as before, 
but also as a ketone, yielding an oxime and a semi - 
15 
carbazone. The normal course of the formation of the 
methines is to detach the nitrogen atom from the nucleus 
and form a double bond between the Carbon atoms of the 
phenanthrene bridge. 
Knorr has interpreted these results by locating the 
new hydroxyl group in hydroxycodeine in 9 or 10, the enolic 
(X) or ketonic (XI) form giving the characteristic reactions. 
Probably 10, by analogy with the formation of papaveral- 
dine from papavérine, or with the oxidation of benzyl- 
dihydro- isoquinolines (Buck, Haworth, and Perkin J. 
1924 125 2176), or with the production of 2'- nitro -6; 
trimethox -l- benzoy1.3:4 dihydroisoquinoline 
(Publication 14). 
10. 
C HOfI 1C-OH C =O 
II 





The placing of the hydroxyl group on one of the bridge 
carbon atoms is confirmed when the action of acetic 
anhydride on ketodihydromethylmorphimethine (xI) is con- 
sidered. The products of this degradation are acetyl - 
ethanoldimethylamine and a methyldiacetyltrioxyphenanthrene, 
which is different from that obtained from codeinone by the 
16 
same reaction. Oxidation of this acetyl derivative with 
chromic acid yields 3.methoxy 4. acetoxyphenanthrene- quinone 
17 
(XII), one hydroxyl group disappearing. 
From the evidence described above it is clear that as soon 
as the nitrogen atom is no longer attached to ring II, keto- 
enol tautomerism can take place. The nitrogen atom must 
therefore be linked to the carbon atom in position 9 or 10. 
11. 
A comparison with the alkaloids of the aporphine group 
(see p. Si ) or with morphothebaine (see p. r? ) 
indicates that position 9 is the more suitable, and this 
18 
conclusion is supported by the work of Faftis and Heczko 
who reduced dim.ethylmorphine methochioride by Emde's method. 
(ii) The Carbon- carbon linkage. 
There remains the carbon to carbon linkage of the 
ethanamine side -chain. The earlier formulae, due to 
Knorr and Freund, contained an oxazine ring, or even an 
eight -membered heterocyclic ring. 
HL 
These suggestions owed their existence to the production 
of acetylethanoldimethylamine (XIII) and acetylethanol- 
methylamine in the earlier decompositions of d.-methyl- 
19 
morphimethine and of thebaine by means of acetic anhydride, 
and it was not until other reagents were used that it 
became obvious that the presence of an oxygen atom in these 
compounds was due to a secondary reaction, - addition to 
12. 
- CH2 = OH - N , the primary product. Thus the action 
of caustic soda on thebaine methiodide results in the forma- 
20 
tion of tetramethylethylenediamine (XIV), in which dimethyl- 
amine has been added to vin.yldimethylamine. In the same 
way, codeinone methiodide and -methylmorphimethine yield 
dimethylamino- ethyl -ether (XV) on boiling with alcohol or 
21 
sodium ethoxide solution. 
CH CH CA 
CH3.00.0.CH2.CH2.N '' 3N.CH .CH 3 
',=011 
3 CH3 2 2 CH3 
XIII xIV. 
C 
CH3 .CH2.0.CH2.CH2.N® , 
u H3 
XV. 
It is clear therefore, that the bond is one between two 
carbon atoms, and at this stage it is necessary to examine 
each of the atoms in ring iII of the structure (I) as regards 
its fitness to be the point of attachment of the ethanamine 
chain. rrom the results of many experiments it may be 
assumed with complete certainty that the chain is linked 
to ring III. 
13. 
HL 
(1) Codeinone has a carbonyl group in 6, because its 
methiodide may be converted into 3-methoxy-4:6-dioxyphenan- 
22 
threne. Clearly,the chain cannot be in 6 in this ketone, 
nor, by implication, in position 6 of the secondary alcohols, 
codeine and dihydrocodeine. 
(2) -Codeinone has a carbonyl group in 8, because its 
methiodide may be converted in 3- methoxy -4:8- dioxyphenan- 
22 23 
throne. In the change from codeine to -codeine, which is 
brought about by the use of boiling dilute sulphuric acid, 
there occurs a migration of hydroxyl from 6 to 8. This 
change does not affect the connections of the side chain, 
24 
since codeine and -codeine yield the same deoxycodeine 
( -CHOH- reduced to -CH2 -)á Hence the side -chain cannot 
be attached to position 8. 
(3) In 7, there can be no carbon link since the author 
has proved the existence of a - 00 -CH2 group in dihydro- 
codeinone (Publication 8), and the reactive methylene -group 
14. 
in this ketone can only be in position 7, since the sub- 
stance is non -phenolic and retains the oxygen bridge. 
It now remains to consider the caso of the remaining 
carbon atome of ring III, atoms 5, 13, and 14. Knorr 
adopted a formula in which the side -chain was attached to 
5, chiefly because he believed that it occupied that 
position in the aromatic substance thebenine. (p.'. ). 
14 
The itcst;rt : 
Should Knorr's formula be accepted, difficulties 
would be experienced in accounting -for the behaviour.° of 
the isomeric methylmorphimethines. Clearly, two of these 
(presumably and ; see page '` ) would be derivatives 
of naphthalene and therefore benzenoid in their unsatura- 
tion, whereas experiment demonstrates convincingly that 
this is not the case, and that all arc aliphatic in character. 
It is impossible to maintain the accuracy o_f. Knorr's formula 
in the face of this negative experimental evidence, more 
1. It has now been shown (Publication 10) that Knorr was 
justified in his assumption regarding the constitution 
of thebenine. 
15. 
especially when such evidence is used to support a theo- 
retical point of considerable importance. Of all the re- 
actions encountered in the chemistry of morphine deriva- 
tives, none are more surprising than those in which an 
aromatic phenanthrene system and an amino -ethanol compound 
are evolved simultaneously. It is now recognised that such 
degradations involve the break of a carbon -to- carbon union, 
and experience has shown that they are by no means confined 
to isolated cases, but occur throughout the series, and 
the explanation of these transformations must therefore be 
sought in some general property of the structure of the 
morphine alkaloids. The driving force behind the change 
is evidently the tendency of the hydro -aromatic compound 
to pass into an aromatic one, because the extrusion of the 
side -chain is never observed independently of the formation 
of a true phenanthrene derivative. The obvious conclusion, 
however, was for long unnoticed. The formation of the 
aromatic phenanthrene compound cannot take place for strut- - 
turai reasons unless the ethanamine side -chain is displaced 
in favour of a hydrogen atom or hydroxyl group. To ensure 
clearness and understanding, the conclusion may be repeated 
in different words: the carbon -to- carbon attachment of the 
C-C -N chain forms a direct barrier to the existence of an 
aromatic phenanthrene, in which it would be retained as a 
16. 
normal side -chain. It is at once evident that the only 
condition of structure which could inhibit aromatic -ring 
formation is the linkage of the end carbon atom of the chain 
to one of those quaternary carbon atoms (13 or 14), which 
are common to two nuclei in the resulting phenanthrene 
derivative. An analogous case is that of abietic acid, 
CigH29C00H, which always loses a methyl group when converted 
to retene, C18H18, a methyl isopropyl phenanthrene. The 
accepted explanation of this phenomenon is that the methyl 
group is attached to a carbon atom which is common to two 
rings. A similar example is given by the degradation of 
esetherole methiodide which yields the corresponding indole 
25. 
by loss of an ethanamine chain. 
tt o ' C ̀NZCNL Et O -----C Me 
cH MezI N/C 1.1 
Me 
Strangely enough, the same deduction was not drawn with 
regard to morphine derivatives till 1923 (Publication 1), 
and none of the formulae which were put forward up till 
that date satisfy these requirements. The hypothesis 
which has just been made is obviously of the greatest 
importance, and from it two lines of enquiry have been 
developed. Firstly, was it possible to decide experimentally 
17. 
to which of the carbon atoms, 13 or 14, the side -chain was 
attached; and secondly, could positive experimental evidence 
(cf. p.14) be obtained that the chain was not linked to 
position 5? 
The first question was decided by a study of the 
26. 
chemistry of hydroxycodeinone and its derivatives (Publica- 
tions 3 and 8). This ketone is formed by the oxidation of 
thebaine with hydrogen peroxide, and the change has been 
represented as the transformation of the group -C(OMe) =CH - 
into - CO- CHOH -. This formulation of hydroxy -codeinone as an 
hydroxyketone is however, quite unjustified by the evidence 
and, in particular, the high degree of stability exhibited by 
the base towards alkaline cupric and silver solutions is not 
in harmony with this assumption. Moreover, it has been 
found impossible to induce hydroxycodeinone or dihydro- 
hydroxycodeinone to react with o- phenylene diamine in 
boiling acetic acid solution, - a reaction which is charac- 
teristic of -hydroxy ketones. Again, the apparent im- 
possibility of dehydrating hydroxycodeinone and its deriva- 
tives negatives the view that this substance is a( "hydroxy- 
ketone, and this conclusion has been strengthened by the 
failure of these bases to react with ootdiaminoveratrone 
in presence of atmospheric oxygen. Further it does not 
Diaminoveratrone readily condenses with to 
form naphthyridines. (compare Publication 4). 
18. 
appear to be possible to construct a thebaine formula which 
can, in any plausible manner, give rise to a p- hydroxy- 
ketone having the composition of hydroxycodeinone. Nothing 
can be urged, therefore, against the remaining alternative - 
namely, that hydroxycodeinone is a Y -hydroxyketone, and 
must be represented by (XVI). 
H 
K Pye c 
Its relation to codeinone follows from the observations 
*27 
that bromocodeinone and hydroxycodeinone yield the same 
hydroxycodeinone oxime (Publication 3), and that bromo- 
27 28 
codeinone may be reduced to codeinone and to dihydrocodeinone 
These relationships are most easily understood from the accom 
panying diagram. 
-ri,e 
tNlo, - Maki I I 
H ydroxycodeí none '--33rotino Cod eí Ito nó 
Mydroxcodeihote 
nx ̀ hz2 
Coded 'tone. 
* A ketone prepared by the bromination of thebaine in 
acetic acid solution. 
19. 
The condensations with aldehydes and with 6- aminopiper- 
onal which are described in Publication 3 indicate that dihydre 
hydroxycodeinone contains the group - 00 -0H2 -, but that this 
group does not occur in hydroxycodeinone. These facts are 
best explained by the presence of the group -00-CH=CH-C(OH)- 
in hydroxycodeinone, from which it follows that thebaine 
contains the group -C(OMe)= CH -CH =C, and that the production 
of hydroxycodeinone from it is an example of addition to a 
conjugated system. the following observations must be quoted 
29 
in support of these conclusions. Schöpf has confirmed the 
presence of two double -bonds in thebaine by the preparation 
of a non -phenolic tetrahydrothebaine in the catalytic reduc- 
tion of the alkaloid. the presence in hydroxycodeinone of 
an -double -bond which is absent from dihydrohydroxycodeinon( 
30 
is shown by the work of Speyer and his collaborators, who 
did not however place this interpretation on their results. 
When hydroxycodeinone oxime and benzylideneacetoxime are 
reduced catalytically, the nitrogen of the oximino -group 
is eliminated from the molecules as ammonia and the double - 
bond is reduced, whereas the oximes of dihydrohydroxycodeinone 
and benzylacetone resist reduction under the conditions of 
the experiment. 
-C--CH=CH- -C-CH -CH -C-CH -CH 2 
+NH3 Mi 2 2 
NOH 0 NOH 
not reduced 
20. 
Moreover, the stages of the bromination of the aliphatic part 
31 
of the hydroxycodeinone molecule are in harmony with the 
recognised reactivity of the -bromine in a dibromo- ketone, 
and the reaction may be represented as follows: 
bromine boiling 
-CO- CH =CH- _. -CH -CHBr - CHBr -C0- CBr =CH 
in acetic isolated as per- alcohol 
acid bromide 
0 \ 
H Me H X " M;=' H H 
G ^ - °z° c",.e,_. 
Meo H o 
v-- 
r H H. fH 
N 
%Vite ro..o a ode i s o h e 
ydio jCod ti itA 
From a consideration of the relationships of codeine, 
H 
XVII 
bromocodeinone, and hydroxycodeinone which have been indicated 
above, it is clear that codeine must be represented by (XVII), 
and that C14 must carry a hydrogen atom in codeine and a 
double -bond in thebaine (XVIII) . It follows, therefore, b'-at 
the only available point of attachment for the ethanamine chain 
in ring III is C13, and this conclusion is supported by the 
fact that the ieomerisation of ot- and Y- methylmorphimethines 
into 0)- and °;" methylmorphimethines cannot receive a natural 
explanation in any formula which retains a phenanthrene nucleus 
unless it also bears a hydrogen atom at C. 
21. 
The second field of investigation to be studied in 
connection with the theory of the inhibition of aromatic 
ring -formation (p.15) involved a large number of attempts 
to prove that the ethanamine chain was not linked to C5, 
and in this connection Publications 2 and 8 should be con- 
suited. If it be assumed that codeine is correctly repre- 
sented by (XVII), then dihydrocodeinone (XIX) should contain 
a -00.0H 
2 
-1group and the corresponding phenolic ketone which 
has suffered further reduction (dihydrothebainone, XX) 
should exhibit the reactions of the group - CH2 -CO -CH2. 
The presence of a reactive methylene group in dihydrocodeinone 
was readily shown by allowing it to condense with 6- amino- 
piperonal to form a quinoline- derivative (Publication 8), 
or by the formation of the vivid red potassium salt of the 
salicylidene- derivative when a solution of the ketone and 
salicylaldehyde in alcoholic potash was warmed. 
22. 
Correspondingly, the reactive methylene group was found 
to be absent from codeinone, since this substance does not 
react with aldehydes or nitrosodimethylaniline, and since 
the colour reactions described in Publication 2 are incon- 
clusive in that they apply equally to a compound with the 
group - CO- CH =CH -. 
These methods of demonstrating the presence of reactive 
methylene groups proved less satisfactory when applied to 
dihydrothebainone (XX). As described in Publication 2, 
this ketone and its methyl ether, and thebainol and its 
methyl ether (see p. 42 ).reacted rapidly with one, but 
slowly with two molecules of benza_ldehyde or piperonal. 
In each case the product was amorphous and retained water 
to a certain extent, but the colour reactions were character- 
istic and indicated that two molecules of the aldehyde 
had reacted, and therefore that the ketones contained the 
group -CH2- C0 -CH,2 -. These results have been criticised 
32 
by Wieland and Kotake, who maintain that the second molecule 
of the aldehyde has reacted with a nuclear carbon atom of 
the benzene ring (XXI), and point out that thebenone (XXII 
according to Wieland and Kotake) reacts with only one mole- 





In order to reply to these criticisms the author made a 
number of attempts both to modify the conditions of the 
experiments in such a way that crystalline compounds only 
were employed (Publication 8), and to evolve different 
methods of investigating the point in question. Since 
these attempts were all unsuccessful, it will be sufficient 
to describe one of them, more especially as a modified con- 
stitution must now be assigned to two of the compounds which 
were investigated, namely thebainone and thebainol see p.45 "). 
Benzylidenehydroxydihydrothebainone is formed in quantitative 
yield when dihydrohydroxythebainone is condensed with benzal- 
dehyde in alkaline solution. This substance resisted all 
efforts to effect further condensation with a second mole- 
cule of aldehyde or with 6- aminopiperonal, and the inactiv- 
ity is clearly due to steric hindrance and is paralleled by 
33 
that observed in the case of dehydrocholic acid and of the much 
simpler 3- methylcyclohexanone which forms a monobenzylidene 
34. 
derivative. 
A product of the reduction of hydroxycodeinone and therefore 
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35 
Sch8pf has recently demonstrated in an elaborate but 
most elegant manner that the ethanamine chain is absent from 
C5, and has consequently proved the truth of the hypothesis of 
the inhibition of benzenoid character by the presence of the 
chain (p. 15) . 
From the whole of the evidence which has been discussed 
in the preceeding pages it follows that dihydrocodeine must 





THE UNSATURAT.ION OF CODEINE 
To return to the main theme, the arguments which have 
been employed in the previous pages have led to the conclu- 
sion that dihydrocodeine must be represented by ( XXIII), 
and it has been tacitly accepted that the unsaturated centre 
of codeine consists of a double bond between C7 and C.. 
This point must now be considered in greater detail, and it 
will be shown that the assumption of the presence of a double 
bond in this position is fully justified. 
In the first place, it is evident that the codeine 
molecule contains a centre of reactivity which must be either 
a double bond or a weak single link. No evidence in support 
of this statement is required beyond the remarkable ease with 
36 
which codeine is reduced catalytically to dihydrocodeine, 
and the formation of dihydroxycodeine by oxidation of the 
37 
alkaloid by means of very dilute aqueous permanganate. The 
proof that this reactive centre is a double bond in ring III 
depends on three groups of experiments: 
(i) The work of Vongerichten, Hübner and Dennsdorf on 
the action of bromine onok- methylmorphimethine, and of Pschorr 
on the action of bromine on the methyl ethers ofck,- and E® 
methylmorphimethines can only be explained by the assumption 
that the halogen attacks an unsaturated centre in ring III. 
The main object of Pschorr's work, for example, was to alter 
26. 
the state of oxidation of ring III in such a way that the 
methoxy -group at C. would not be eliminated in the course 
of the degradation to a non -nitrogenous phenanthrene deriva- 
tive, and he succeeded in attaining this end. 
38 
(ii) Van Duin, Robinson and Smith have shown that the 
alkaloid neopine is an isomer of codeine, and consider it 
to be (3-codeine (XXIV) bearing the same relation to codeine 
that f3 -methylmorphimethine does to the o- isomeride. Neopine 
is more stable to oxidising and reducing reagents than is 
codeine, and Van Duin, Robinson, and Smith point out that 
this difference would be inexplicable if codeine contained 
a bridge -linkage and neopine a double bond. 
These authors suggest that the stability of neopine is the 
result of the location of the double bond in a more "shel- 
tered" position. They do not consider the possibility that 
neopine contains no double bond but has a bridge linkage, 
of the type suggested in Publication I as representing the 
morphine alkaloids. Such a structure would explain the 
stability of neopine and might, moreover, have a bearing of 
considerable importance in connection with the phytochemical 
relationships of the phenanthrene bases (p.icp) The forma- 
tion of (- methylmorphimethine by the action of boiling potash 
on neopine methiodide would then be explained by the break of 
the unstable bridge and the simultaneous formation of a 
conjugated system of double bonds. 
27. 
(iii) The properties of hydroxycodeinone, and probably 
also of codeinone are those of o f3 -unsaturated ketones, 
and since it has been shown (Publication 3 and 8) that the 
non -phenolic dihydrohydroxycodeinone and dihydrocodeinone 
both contain a reactive methylene group, it is evident that 
the formation of the two latter substances by reduction of 
the two former ones involves the saturation of a double bond 
between C7 and C:. The objections might be made that 
codeinone reacts with benzaldehyde and nitrous acid as if it 
contained the group - CH2 -0O -, whereas on the suggested basis 
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This difficulty is artificial, however, and is easily overcome 
by recognising the equality of the tautomers: 
.CH .CH =CH .00 .C=CH- CH=C 
OH 
C=CH.CH2.00- 
The consideration of the evidence which is available 
for the selection of a formula to represent codeine is now 
completed, and from the brief survey which has been given, 
28. 
the following formulae for the morphine alkaloids may be 
morphine codeine thebaine 
29 
THE SALIENT FEATURES OF MORPHINE CHEMISTRY 
(i) The Isomerides of Morphine and Codeine. 
The relation of morphine, codeine, and their 
halogen derivatives and isomerides is illustrated in 
39 









W y / 
y-isoMorphine 
(neoisomorphine) 
,8-Chloromorphide a-Chloromorphide f 
Hal 
W 
ß-Chlorocodide a- Chlorocodide 
(ii) 
Morphine a-isoMorphine p-isoMorphino 7-isol4Iorphine 
Codeine isoCodeine allo-,li-Codeine y- Codeine -. (a-isocodeine) (ß-isocodeine) (neoisocodeine) 
Codeinone tp-Codeinone 




7 dil. HAc 
isoCodeine allo -4'- Codeine 






Codeine and isocodeine are a pair of stereo - isomerides, 
in which the secondary alcoholic group is at 6. On 
oxidation the isomerism vanishes, and both yield the same 
40 




anhydride, or codeinone methiodide with alcohol at 150 , 
42 
3- methoxy -4:6- dioxyphenanthrene is produced, the oxygen 
of the keto -group being retained as a hydroxyl in position 
6. The constitution of this phenanthrene was established 
43 
by the synthesis of its dimethyl ether. 
- Codeine and allo -4- codeine are also stereo - 
44 
isomerides, and give rise to the same ketone, -codeinone. 
The alcoholic group is in position 8, as has been shown 
by conversion of Vii- codeinone methiodide to 3- methoxy -4:8- 
; 45 
dioxyphenanthrene by heating with alcohol. The dimethyl 
ether of this phenol has been synthesised by Pschorr 
46 
and Busch. Although the positions of the alcoholic 
group in-the isomers are indicated in this way with some 
likelihood of certainty, the unexpected appearance of the 
keto -group as a hydroxyl makes migration of the oxygen 
atom a possibility. Other compounds from which informa- 
tion on this point might be gathered are the methines 
which contain the oxygen atom as a hydroxyl group. 
Owing to their state of oxidation however, direct de- 
gradation causes elimination of the alcoholic group, 
31. 
a(,- methylmorphimethine, for example, yielding methyl 
47 
morphol (V). Nevertheless, if the hydroxyl group of 
the methines could be retained in the molecule during the 
degradative process, and the phenol could then be identi- 
fied, there could be little doubt as to the position of the 
48 
alcoholic radicle in the original compound. Pschorr 
was entirely successful in the experiments which he under - 
took with this aim. He methylated the alcoholic hydroxyl 
by means of dimethyl sulphate and alkali, and in order to 
avoid the removal of the -OCH3 group as methyl alcohol 
utilised the method of Vongerichten, Hühner, and 
49 
Densdorff, and treated the methine-ether with bromine 
in acetic acid or chloroform solution. Under these 
conditions two atoms of bromine are added to the 
molecule, and one of these is replaced by an acetoxy- 
or hydroxy group. the methyl ether of bromo- acetoxy- 
dihydro-447 methyl- morphimethine was decomposed by warm 
acetic anhydride to 3: 6- dimethoxy -4- acetoxyphenanthrene, 
whilst the methyl ether of bromo- oxy- dihydro- £-methyl - 
morphimethine led to 3:8- dimethoxy -4- acetoxyphenanthrene 
50 
under the same conditions. ,.he constitution of these 
51 
substances has been definitely established by synthesis. 
These reactions decide conclusively the position of the 
alcoholic radicle in the various isomerides - namely 6 
in the codeine series, 8 in the +_codeine series. 
32. 
In the halogeno- morphides and codides the halogen atom 
replaces the hydroxyl group, but it is not known to which 
of the two series the halide derivatives belong. They 
are formed from either pair of structural isomerides, 
and their hydrolysis with dilute acetic acid leads 
to a mixture of morphines, or codeìnes, of both. 
series. This migration of the hydroxyl from and,- to 
a Y- position occurs frequently, and it is a reversible 
process. Perhaps the best known analogous transformations 
are those concerning geraniol (XXV) and linalool (XXVI) 
which are interconvertible in several ways 
CH CH 
CHC 
= CH - CH2 - CH2 - 0°- CH - CH2OH (XXV) 
3 
CH 
CH 6 3 
CH C 
= OH - OH 
2 
- CH2 - COH- CH = CH2 (XXVI) 
3 
The molecular changes here involved are illustrated 
by the scheme:- 
OH OH 
I 
0 - = 0 = 0 - o 
and the reversible conversion of codeine to l(codeine 
is an analogous reaction which thus receives a simple 
explanation. Confirmation of these views on the 
structure of the isomeric oodeines is obtained from a 
consideration of their behaviour and that of their 
33. 
52 
isomeric methines when submitted to catalytic reduction. 
Codeine and isocodeine, and the corresponding ol-- (3") 1 
and Sçmethylmorphimethines, yield non -phenolic dihydro- 
derivatives (neglecting the additional double bond of the 
methines whereas the reduction of +codeine, allo -4r- codeine, 
and C -or E- methylmorphimethines leads to phenolic tetra - 
hydroderivatives in which the oxygen bridge has been 
ruptured. This variation in properties can only be 
explained by the assumption that in the second division 
of compounds the group - 0 - CH - CH = CH - reacts as a 
conjugated system which does not exist in the first divi- 
sion. This behaviour brings these changes into line 
with the increasing number of examples in which the lone 
pairs of electrons of nitrogen or oxygen atoms can 
function as the reactive parts of such structures. 
(ii) The Isomeric Methylmorphimethines. 
These substances are obtained by the decomposition 
34. 
of the codeine (@:'- codeine) methohydroxides, 
but they may 
also be produced by methylating the corresponding 
morphine 
derivative. Each of the four codeines gives 
rise to a 
different methylmorphimethine. Those derived 
from codeine 
and isocodeine may be converted into isomerides 
by the action 
of alcoholic alkali, or by other reagents, 
whereas those corres- 
53 
ponding to allo -,- codeine and codeine do 
not isomerise. 
The following table exhibits the relations 
and nomen- 
clature of the six methylmorphimethin.es:- 
Methohydroxide from 




It has been clearly demonstrated that the hydroxyl group 
is at 6 in 0(-(3 Y -and -methylmorphimethines, and at S in 
the - and 'F-isomerides. The group thus forms three 
pairs 
of stereo -isomers, ot - and Y y p- and g- , -and 
methylmorphimethines. 
The codeine formula (p. 28) allows the changes under 
the influence of alcoholic alkali to be explained in 
a 
simple manner, the, molecule consisting of a conjugated 
system, more stable than the non -conjugated structure of 
35. 
the 01.1(- molecule. E- and -methylmorphimethines 
receive the formula given below and the stability of these 
compounds to alcoholic potash is easily understood, when 









u Ï . - ( H 
cH3. telex CHi cfl2 
NMeZ 
H 0 
H H %* `OH 
HL H s C . 
tH 
H 
It should be noted that these formulae fulfil one very im- 
portant condition, namely that by the presence of the CON 
chain ring II is prevented from becoming aromatic in character 
and this is in harmony with the observation that the six 
methylmorphimethines may all be reduced catalytically to tetra 
hydro -derivatives and contain one benzenoid ring only. 
36. 
(iii) Degradations to Aromatic Non- nitrogenous 
Derivation of Phenanthrene 
These fissions of the alkaloidal molecule take 
place under a variety of circumstances, and the only 
condition governing them is the state of oxidation 
of the initial material. To allow the formation of the 
aromatic nucleus, the base must contain such a number of 
hydrogen and oxygen atoms that a true ph©nanthrene system 
may be produced by the dehydration of the hypothetical 
structure which results from the removal of the side 
chain and the opening of the oxide ring by what may be 
termed hydrolysis. Consequently, the form of the aro- 
matic nucleus is restricted to morphol (which may be 
methylated or acetylated) or to a hydroxymorphol, in 
which the hydroxyl is in position 6 or 8. An example 
of each main type of reaction will suffice; the stages 
represented are, of course, purely hypothetical. 
1. The action of acetic anhydride on -methylmorphime- 
thine. A by- product of this reaction is the acetyl- 
derivative of r- methylmorphimethine, showing that in all 
probability the first stage is the migration of the 
double -bond of ring III to the conjugated position. 
37. 
ii. The action of alcohol on codeinone methiodide. 
N 
A wider latitude is possible, however, in the form in which 
the side chain is removed, as is shown by the following list. 
54 
(a) Acetoxy - ethyl- dimethylamine: 
Acetic anhydride on ol -methylmorphimethine and methyl 
thebainone methine. 
55 
(b) Acetoxy - ethyl -methylamine: 
Acetic anhydride on thebaine and codeinone. 
56 
(c) Chioro- ethyl- dimethylamine: 
38. 
Hydrochloric acid gas ono -m ethylmorphimethine. 
57 
(d) Dirnethylamino- ethyl- ether: 
Sodium ethoxide, or alcohol, on c4- methylmor- 
phimethine, codeinone methiodide,'.c- codeinone 
methiodide, and thebaine methiodide. 
58 
(e) Tetramethyl- ethylene -diamine: 
Caustic soda on thebaine methiodide. 
39. 
(iv) The Production of Methyl Morphenol from the 
M ethylmorphimethine 
The state of oxidation of a tertiary base is 
increased by its conversion into a methohydroxide; 
and the methylmorphimethine methohydroxides are, for 
this reason, able to change into an aromatic compound, 
methyl morphenol, without the opening of the oxide ring, 
The amount of methyl morphenol produced fromok- methyl- 
morphimethine is extremely poor, whereas excellent yields 
are obtained by using the(i - or £ -isomerides. There is 
as yet no conclusive explanation of this somewhat strange 
difference, although it undoubtedly depends on the 
structural condition of the molecule. It may be governed 
by the presence, or ease of formation, of a double bond in 
the 8 -14 position. 
H 
CHyNIMe30H CHL cite NMc10H 




THE ACTION OF ACIDS ON THEBAINE. THE FORMATION OF 
THEBAINONE, MORPHOTHEBAINE, AND THEBENINE. 
It has been shown by Knorr that the hydrolysis 
of thebaine for a few moments with warm dilute acid 
removes the aliphatic methoxyl group and yields 
codeinone, and «since this ketone may be substituted 
for thebaine in any of the reactions which are under 
consideration, it seems probable that the first action 
of an acid on the alkaloid is to produce codeinone. 
Thebainone 
Thebainone is an isomeride of codeine which was 
50 
first prepared by Pschorr Pfaff, and Herrschmann by the 
reduction of thebaine by means of stannous chloride and 
hydrochloric acid at 1000, and later by Knorr by the 
01. 
application of the same method to codeinone. It is de- 
rived from codeinone by the addition of two atoms of 
hydrogen, and the general character of the substance may 
readily be deduced because it is at once a ketone, a 
phenol, and a tertiary base. It has a pale yellow 
colour, dissolves in water to a very intense yellow 
solution, and yields a red solution in alkali. These 
properties recall the behaviour of salicylideneacetophenone 




The production of thebainone from coddnone evidently 
involves the opening of the oxide ring by reduction 
and in consideration of the formula assigned to 
codeinone ( XXVII), it seems reasonable to enquire into 
the suitability of formula ( XXVIII) as representing the - 
bainone. In the first place, the double bond is con- 
jugated with the carboxyl group, though not entirely 
analogous with the ethenoid link of salicylideneaceto- 
phenone, and a substance having this constitution might 
therefore be expected to form a coloured solution in 
alkali. A comparison with hydroxythebainone shows 
that this supposition is correct. Secondly, the 
42. 
formula under consideration demande the presence of a 
00 - CH 2 - group, and the existence of this structure 
has been demonstrated experimentally (publications 2 
and 8) by the preparation of crystalline benzylidenef4 
and piperonylid.ene derivatives which exhibit character- 
istic halochromic colours, and by the production of a 
quinoline derivative through the interaction of the- 
bainone with 6- aminopiperonal. Finally, the allocation 
of the side chain to C17 is supported by the fact that 
methylthebainonemethine (produced by C - and N- 
methyla.tion of thebainone, followed by the action of 
alkali). may readily be degraded to methylmorphol and 
acetyl- ethanoldimethylamine. This elimination of 
the side chain indicates that it is a barrier to the 
formation of the aromatic phenanthrene, and thus 
formlua ( XXVIII) would appear to represent thebainone in 
a satisfactory manner. When thebainone is reduced in 
aqueous solution by means of sodium amalgam (Publication 
2, p. 999), the orange colour of the liquid is discharged, 
and a dihydro- derivative is formed. This substance 
was first prepared by Pschorr and regarded by him as the 
secondary alcohol related to thebainone, and hence named 
thebainol. It is in reality, however, a saturated, 
phenolic, tertiary -basic ketone, which melts at 175 -1360 
43. 
is dextrorotatry and yields a semicarbazonep 4213 -21f30. 
It is therefore derived from thebainone by the addition 
of two atoms of hydrogen to the double bond, and may 
for the moment be regarded' as (XXIX) . 
.Á b!, o 
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And isomeride of thebainol - unfortunately named 
dihydrothebainone - had been prepared by Freund, 
62 
Speyer and Guttmann, and in a purer condition by 
P3 
Skita, Nord, Reichert, and Stukart, by the reduction 
of thebaine in acetic acid solution by means of hydrogen 
in presence of palladium or platinum. This ketone 
44. 
melts at 137 -138 °, is phenolic and tertiary basic, 
but it is laevorotatory, whereas thebainol is dextro- 
rotatory. Its semicabazone melts at 226 -2260, and a mix- 
ture with thebainol semicarbazone at about 205 °. It is 
clear therefore that the two ketones are quite distinct, 
yet both are derived from thebaine by reduction and might 
therefore be represented by formula (XXIX) . A possible 
explanation is that the two ketones are cis -trans isomers 
of the decahydronaphthalene type, but the differences 
between the properties of thebainone and the apparently 
similarly constituted hydroxythebainone (XXX; prepared 
by the reduction of hydroxycodeinone by stannous chloride) 
led the author to the belief that thebainol and dihydro- 
thebainone are structural isomerides. Stated briefly, 
these variations may be summarised as follows: Thebainone 
gives a marked red halochromic colour in concentrated 
hydrochloric acid, whereas hydroxythebainone does not. 
Thebainone sodium salt is red whilst that of hydroxy- 
thebainone is yellow. Hydroxythebainone is readily 
reduced by catalytic hydrogen forming dihydrohydroxythe- 
bainone. The double bond of thebainone, however, cannot 
be reduced under normal catalytic conditions. Some 
years ago, the author made many attempts to reduce 
45. 
thebainone in this way, but obtained no indications that 
reduction took place. The non-reactivity is even more 
marked in the case of benzylidenethebainone (Publication 8) 
this is reduced catalytically to a mixture of benzylthe- 
bainones, which retain the double -bond of thebainone, 
but these bases strongly resist further reduction either 
catalytically or by means of sodium amalgam. It is 
clear, therefore, that the double bond of thebainone 
and hydroxythebainone cannot be similarly situated. 
Now, hydroxythebainone undoubtedly contains the double 
bond between C7 and C), and since thebainone is also 
an tkr unsaturated ketone, it follows that the un- 
saturated linkage in thebainone must be in the 5 -15 
position. The consequences of this decision are that 
the carbon -to- carbon linkage of the ethanamine chain in 
thebainone must rest on carbon atom 14, since the 
original assumption must not be forgotten that this 
linkage inhibits aromatic ring formation (p. 15). 
Thebainone and thebainol therefore receive the formulae 
(MI) and (XXXII) respectively, and confirmation of the 
difference between thebainone and hydroxythebainone is 
obtained by the author's observations that thebainone 
reacts with o- aminobenzaldehydes (Publication 2), whereas 
46. 
hydroxythebainone does not, presumably because the 
methylene group is in the sheltered position (cf. p. 23). 
Y-,X-9c@ 
The author had arrived at these conclusions and intended 
making a publication on the subject, when he was fore - 
64 
stalled by Sch8pf and Borkowsky who propounded the 
same ideas, and were able to adduce further experimental 
evidence that dihydrothebainone and thebainol are not 
cistrans isomerides. They have isolated the oxime of 
dihydroepithebainone (stereoisomeric with dihydro- 
thebainone about C14) from the products of the catalytic 
reduction of thebaine using palladinised calcium car- 
bonate as a catalyst, and this substance is different 
from dihydrothebainone oxime or thebainol oxime. 
Were it not for the difference in structure between 
47. 
thebainone and dihydrothebainone, there would be three 
steroisomers where theory allows only two. 
It is necessary to mention briefly the implications 
which are involved in the recognition of formula (XXXI) 
as representing thebainone, but a more elaborate dis- 
cussion may safely be left till later. In thebainone 
the carbon -to- carbon linkage of the ethanamine chain is 
attached to C.- , and referring back to thebaine, it is 
evident either (1) that a migration of this bond has 
occurred from C? to C14 during the reduction of the- 
baine with stannous chloride and hydrochloric acid, 
or (2) that no migration has occurred and that the 
ethanamine chain in thebaine (and also morphine) is 
13 attached to C14 and not C. as previously suggested 
(p. 24). If the second view is correct and it has 
both advantages and disadvantages - it must be remem- 
bered that C ?4 must carry a hydrogen atom in codeinone 
in order to allow the formation of 14- hydroxycodeinone, 
and this requirement can only be fulfilled by abandoning 
the time -honoured phenanthrene nucleus for a labile 
ring system (hydrindane derivative, XXXIII) in which a 
five -membered carbocyclic ring can, when necessary, pass 
into the isomeric phenanthrene derivative. 


















Morphothebaine, ApomorEhine, and Apo-,-codeine 
The action of hot concentrated hydrochloric 
65 66 67 
acid m thebaine, morphine, or codeine converts these 
alkaloids into morphothebaine, (XXXIV), apomorphine 
(XXXV), and apo- -codeine ( XXXVI) respectively, and the 
close relationship which exists between these aporphine 
bases is a clear indication that the individual mechanisms 
by which they arise must be analogous, and that their 
formation is dependent on a characteristic property of 
the group as a whole. The author has chosen to dis- 
cusS the question of morphothebaine, but what follows 







The constitution of morphothebaine has been ascertained 
by degradation and by synthesis. Pschorr, in his 
50. 
classical researches on the constitutions of these bases, 
removed the nitrogen atom from morphothebaine dimethyl 
ether by exhaustion methylat.ion, and oxidised the resultin, 
vinyl group to carboxyl. 13y using the method of 
Curtius he was able to transform this acid into an amino - 
phenanthrene, which yielded a phenol when diazotised; 
the methyl ether of this was identical with 3:4;:8 
tetramethoxyphenanthrene which Pschorr synthesised by 
his method (see p. 7). The synthesis of morphothebaine 
dimethyl ether has been accomplished by the author and 
is described in Publication 14; it has a special interest 
in being the first synthetical production of a basic 
derivative of morphine. No doubts can therefore be 
entertained as to the constitution of morphothebaine 
but the exact mode of its formation must still be re- 
garded as undecided. 
The nature of the product of the reaction shows 
clearly that the driving force underlying it is the 
tendency for Ring III to assume aromatic character, 
a condition which can only be obtained by transference 
of the ethanamine chain from one of the "shared" carbon 
atoms to an "unshared" atom of ring III - actually O. 
This may be brought about in two ways; (i) by fission 
51. 
of the bond 12 -13, followed by the rotation of ring 
III through 1800 about the axis 6- i4,and attachment 
of the unsaturated carbon at 8 to position 12; (ii) 




The mechanism required by scheme I is drastic, though 
suggestive in the way in which it brings out the 
phyto- chemical relationship with papaverine, and it is 
remarkable that the formation of morphothebaine is one 
* Nevertheless, examples are knownin which the central 
bond of phenanthrene nucleus breaks under violent 
conditions. (compare p X17 ) 
52. 
of the smoothest processes in the chemistry of the 
morphine alkaloids. The less vigorous changes in- 
volved in migration (scheme II) are therefore more 
attractive, and definite experimental evidence of mi- 
gration of the chain has been obtained by Schöpf and 
68 
F3orkowsky. They have observed a very close similarity 
between the absorption spectra exhibited by solutions 
in concentrated hydrochloric acid of thebaine and 
thebainone respectively, and in the case of thebaine 
this identity implies the presence in solution of 
a hypothetical ketone in which the oxygen bridge has 
been opened and the ethanamine chain has migrated to 
C4. On reduction, this ketone yields thebainone, 
whereas on heating in hydrochloric acid further migra- 
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54. 
It should be noted that if the thebaine-morphothe- 
baine change be examined by means of the "hydrindane" 
formula for thebaine, then scheme (i) (ring- fission and 
rotation) is impracticable, and in scheme (ii) (migration) 
the opening of the oxygen bridge and shift of C9 from 
C1 to C?-4 is sufficient to account for the similarity 
of absorption spectra, whilst further migration of the 
ethanamine chain will produce the benzenoid nucleus. 
Direct reference need not be made here to the increasing 
number of cases in which a group wanders to an adjacent 
carbon atom in order to allow a blocked hydroaromatic 
substance to become aromatic. 
Thebenine 
Of the surprising degradations which are found in the 
chemistry of the morphine alkaloids, perhaps the most 
remarkable is that by which thebenine is forced (a)' from 
thebaine, or (b) from codeinone, the first product of the 
hydrolysis of thebaine, or (c) from pseudocodeinone. In 
the cases (a) and (b) the conversion readily take& place 
69 
On heating for a few minutes with dilute hydrochloric acid, 
whereas in (c) 
the change is much less facile and boiling acetic 
70 
anhydride is necessary. The product contains an 
aromatic phenanthrene nucleus in which the ethanamine 
groups of the parent substance is present in the form 
of a side chain. 
The researches of Pschorr and his collaborators have 
demonstrated conclusively the position occupied by the 
71 
methoxyl and hydroxyl groups of thebenine, but the 
allocation of the side chain to position 5 was based on 
less definite evidence. It depended on the fact that 
the product of the exhaustive methylation of thebenine 
is thebenol, in which the initial vinyl group has 
reacted further with one of the hydroxyls. Pschorr 
showed that it is the hydroxyl at 4 and not that at 8 
which is involved in this ring formation, and he 
assigned to thebenol the formula ( XXXVII). 
56. 
In view, however, of the ease of formation and stability 
of six -membered oxide rings, the author prefers to 
adopt the formula ( XXXVIII). The final link in the chain 
of evidence as regards the constitution of thebenine 
has now been provided (see Publication 10) by the proof 
of the identity of a synthetical specimen of 3:4:8 - 
trimeth.oxy 5- ethylphenanthrene ( XXXIX) with one obtained 
by the exhaustion methylation of thebenine dimethylether 
followed by the catalytic reduction of the vinyl- 
* 
phenanthrene so formed. 
In the earlier experiments designed to obtain this 
proof, attempts were made to convert thebenine into 
5:4:5:8 tetramethoxyphenanthrene. These were how- 
ever unsuccessful, as is described in publication 
10, but the necessary tetramethoxyphenanthrene had 
already been prepared from 2- amino -3:4:2':5- tetrame- 
thoxy -- phenyl- cinnamic acid (see publication 12) 
During these experiments, a remarkable isomerism 
was observed which appears to be characteristic 
of the trans -2 -amino - i -aryl- cinnamic acids. 
These acids exist in two interoonvertible forms: A, 
which is yellow and unimolecular; B, which is colourless 
57. 
The intramolecular changes which are involved in 
the formation of thebenine are clearly of the greatest 
interest when it is remembered that the base is formed 
from codeinone (CO at 6) and from -codeinone (CO at 8), 
all the more because the reaction is extremely facile 
in the former case and somewhat difficult to accomplish 
in the latter. It is convenient to consider first 
the formation from -codeinone in which the oxygen is 
already in the correct position in ring III. There are 
two ways in which blocked hydroaromatic substances having 
a suitable state of oxidation are known to pass into 
aromatic compounds. One is by the complete displacement 
of a group from the molecule, the other is by the wan- 
dering of a group to an adjacent carbon atom. The 
formation of thebenine from ,,- codeinone involves such a 
migration, and the following analogous case illustrates 
the point:- 
footnote continued. 
and bimolecular. In acid or alkaline solutions, the 
unimolecular type predominates, whilst in neutral solution 
the bimolecular is the stable form, and the question is 
discussed in some detail in publication 12. No conclusion 
however is made there as to the nature of the isomerism, 
but the author suggests tentatively that the unimolecular 
form is the normal amino -acid, whereas the bimolecular 
form is a salt (formed by the carboxyl of one molecule 
and the amino -group of the other) in which the initial 
electrovalency has been replaced by a covalency (compare 
Sidgwick, The Electronic Theory of Valency, 1927 pp.92 -98). 





The stages in the production of thebenine may be 




In the formation of the thebenine from codeinone 
(thebaine), there are only two possible explanations; 
either oxygen wanders, and this is very unusual in the 
case of a carbonyl group, or ring III revolves through 
1800 at some stage. It would appear therefore that the 
change must be represented by a scheme such as the 
following, and if this is correct the two schemes are 
related in that the group R migrates to that adjacent 










Sch5pf and Borkowsky have criticised this scheme adversely, 
and have explained the formation of thebenine from codeinone 
by the addition of water (XLa) to the conjugated system pro- 
duced in an enolic form of codeinone (XL), followed by the 
codeine- ; f- codeine transformation (XLb ), and migration of the 
ethanamine chain to C.. The stage (XLa) is the formula which 
must now be given to the hydroxycodeine which is obtained 
73 
by the reduction of the hydroxycodeinone, and it seemed inter- 
esting to test this theory by direct experiment (see Publica- 
tion 10). It has been found that the hydroxycodeine is 
quite unaffected by boiling hydrochloric acid (d 1.07, the 
strength used in the preparation of thebenine), and that 
prolonged heating with acetic anhydride yields no triacetyl 
thebenine but a mixture of two bases, one crystalline, the 
other amorphous. A consideration of these facts suggests 
that Sch5pf's theory is improbable, although it is possible 
to advocate the sensitivity of the activated phases of a chain 
of reactions to evade this criticism. 
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61. 
It is, of course, a matter of very great difficulty 
to investigate the nature of the intermediate stages in a 
reaction such as the formation of thebenine, particularly 
since the final product is formed in the course of a few 
seconds, but an experiment performed by the author does 
indeed allow some insight into the course of the change, and 
supports the theory of the rotation of ring III suggested 
above, whilst weighing heavily in the balance against the 
mechanism proposed by Schbpf. It appears from the work of 
Sch6pf and Borkowsky on absorption spectra that thebaine and 
thebainone, when dissolved in concentrated hydrochloric acid, 
are closely related in structure, and that in consequence the 
carbon -to-- carbon linkage of the ethanamine chain of thebaine 
under these conditions is attached to C1 (see p. ). That 
is, in concentrated hydrochloric acid migration of the chain 
of thebaine has occurred as proposed in the scheme of the 
formation of thebenine which involves ring- rotation, and in 
the opposite direction to that suggested by Sch5pf (above). 
When the red solution obtained by dissolving thebaine in 
concentrated hydrochloric acid is diluted with water so that 
the density of the hydrochloric acid is 1.07 (the strength 
used in the preparation of thebenine), and the pale yellow 
solution is then boiled for three minutes and cooled, thebenine 
hydrochloride separates in an amount, which is identical with 
62. 
that obtained in a control experiment carried out entirely 
with dilute hydrochloric. The stages involved in the forma- 






C}: cH1 NIWe 
H M--f`lg 
H®, 



















The author has made some unsuccessful experiments to prepare 
a dihydroxythebainone (XLI) by the oxidation of the double bond 
by permanganate. This base would be in the correct state 
of oxidation to yield thebenine, and such a change would, if 
63. 
it occurred, throw valuable light on the mechanism of 
thebenine formation. 
In view of the resulte described above, it is clearly 
of interest to investigate the successive stages in the forma- 
tion of thebenine using the alternative formula for thebaine 
(XXXII') in which the ethanamine claim is already linked to 
14 and hero for the first time we receive a possible 
explanation of the remarkable difference in stability of 
codeinone and -codeinone. The aromatic nature of ring III 
can only be attained by enlargement from a five- to a six- 
membered ring, a change which involves migration or fission 
of the C13 - C? bond, and since the appearance of a now carbon 
atom at C14 would still inhibit the aromatic character of ring 
III, the only alternative part of attachment C, is chosen; 
this result can only be made possible by revolution of ring 
C ft 
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Codeinone yields thebenine in the course of a few moments 
when heated in boiling dilute hydrochloric acid, whereas 
the action of boiling acetic anhydride for several hours 
is required to produce trlacetylthebenine from . -codeinone. 
64. 
Reactions of this type, in which an aliphatic five - 
membered ring becomes enlarged to a benzenoid ring are by no 
means uncommon, and a recent interesting example in which such 
a change is postulated is the formation of chrysene by the 
74 
dehydrogenation of cholesterol. 
On the other hand, when the formation of triacetylthe- 
benine from f- codeinone is studied by means of this formula, 
it is difficult to see why any derivative of thebenine should 
be IIMME, and why the reaction does not lead to the produc- 
tion of the isomeric 6- hydroxy- derivative by stages which are 
similar to the formation of thebenine from codeinone. Since 
this is certainly not the case, it is evident that the expla- 
nation of the-codeinone-thebenine transformation by means 
of the hydrindane formula involves two migrations. First, 
C. wanders to C14, and then C. migrates to C.. The detailed 
scheme may be represented as follows, and it will be seen 
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It will have been observed during the course of the dis- 
cussion of the effect of acids on thebaine that frequent com- 
parison has been made between two alternative formulae, (p.28) 
and ( XXXIII), for thebaine, and it is now necessary to consider 
which of these gives the more correct representation of the 
properties of the alkaloids. It may be stated at once that 
the available experimental evidence is in favour of that form- 
ula, (p.28), which retains the phenanthrene nucleus, but it 
must be realised that the ultimate decision between these 
possibilities will only be made possible by further experimenta 
66. 
work or by an unambiguous synthesis of one of the alkaloids 
or their derivatives. 
The only serious disadvantage which'the phenanthrene 
structure exhibits is the failure to provide an adequate 
reason for the migration of the carbon -to- carbon linkage of 
the ethanamine chain of thebaine (codeinone) when the alkaloid 
is dissolved in concentrated hydrochloric acid. It cannot 
be argued that an essential factor for the opening of the 
5 
oxygen bridge is the presence of a double bond in C. - C. 
a condition which is impossible if the ethanamine chain rests 
on C13, - because stannous chloride reduces the bridge of 
hydroxycodeinone, a compound in which migration of the chain 
to C14 is prevented by the hydroxyl group. Moreover, there 
can be no operation of a driving force, such as aromatic -ring 
formation, and the explanation of this important question 
must be shelved, although the fact must be accepted in the 
absence of further experimental criticism. 
Turning to the alternative formula for the alkaloids 
(XXXIII), some of its advantages have been discussed in the 
preceeding pages, and the apparent discrepancy in structure 
between it and the phenanthrene derivatives of the series 
is in reality non-existent, when it is remembered that this 
group of compounds is formed in conditions in which isomerisa- 
tion 09 becomes attached to 014 instead of C13) is to be 
67. 
expected. There are however two disadvantages of this 
formula which cannot be overlooked. The first point 
where the formula breaks down is in accounting; in a rational 
way for the isomerisation of 01- and Y- methylmorphimethines 
nn 
into (3 -and ò- methylmorphimethines respectively. The 
second pair of compounds are best represented as arising 
from the first by the shift of a double -bond from C7 -C: to 
0.-C. so that a conjugated system is formed with the 
unsaturated link of the phenanthrene bridge. This change 
cannot be represented by means of the formula ( XXXIII) 
and further, it is clear that the al- and (3- serios of the 
methines have the same carbon skeleton because o4-- and (1` 
methylmorphimethines yield the same tetrahydro- derivative 
75 
on reduction. Additional confirmation of this observation, 
so important in the present case, is obtained from the 
76 




The second point which cannot be satisfactory ex- 
plained by the formula (XXXIII) is the representation of cer- 
77 
tain non -nitrogenous derivatives. Thus thebenone (XLII), the 
non -nitrogenous compound (XLIII) prepared by the exhaustive 
78 
methylation of deoxytetrahydro- . methylmorphimethine, 
dihydrohydroxycodeone (XLIV), and tetrahydrohydroxythebaone 
79 
and its methyl ether (XLV) are more suitably represented by 





Each of these compounds contains an oxide ring which is 
of the conventional, stable, 5- membered type if the two- 
13 
carbon chain is attached to O. , and the particular inter- 
est in the present connection lies firstly in the formation 
of oxide rings in two directions (with oxygen at C4 and at 
14 
C. ), and secondly in the fact that the oxide rings in the 
hydroxycodeinone series (see below for evidence of their 
existence) exhibit a stability which is not in harmony with 
the presence of a 4- membered oxide ring, whereas the attach- 
a 
ment of the ethanamine chain to C. would necessitate the 
presence of a ring of this type. The author has prepared 
dihydrohydroxycodeone from dihydrohydroxycodeinone in the 
manner described by Freund and Speyer, and has found that it 
shows none of the general reactions characteristic of 
hydroxylic compounds (acetylation benzoylation, interaction 
69. 
with phenyl isocyanate), and Schöpf and Borkowsky have 
arrived at the same conclusion - that hydroxy- groups 
are absent from these derivatives of hydroxycodeinone - 
from an estimation of the number of "active" hydrogen atoms 
present in the molecule as determined by Zerewitinoff's method. 
70. 
THE REDUCTION OF THEI3AIItiE 
Among the more interesting and remarkable researches 
in morphine chemistry must be counted the investigations 
into the reduction of thebaine under various conditions) 
which have been made from time to time by different workers. 
These researches have now arrived at such a stage that it is 
possible to make a comprehensive survey of the field. 
It has been shown earlier (p.3? ) that the oxygen bridge 
may react as the end of a conjugated systes when there is a 
double bond at C -CT, and in the light of this conception the 
structure assigned to thebaine virtually contains a conjugated 
system of three unsaturated linkages. The nature of the 
reactions which occur when thebaine is reduced may all be 
elucidated by the addition of hydrogen to various points in 
this system in accordance with Thiele's hypothesis. Sch8pf 
has adopted a similar view in considering the reduction of 
S0 
thebaine but he has not extended this to include phenolic 
dihydrothebaine (see below). 
A study of the literature of the subject leaves no doubt 
that in catalytic reduction the various modes of hydrogena- 
tion. proceed concurrently, and lead to the formation of a 
mixture of products, some of which may not have suffered 
complete reduction under the conditions of the experiment. 
71. 
This is in accordance with many observations made by the 
author in the preparation of dihydrothebaine and dihydro- 
thebainone for experimental purposes, where a mixture of 
these two bases with amorphous substances was always ob- 
tained in any catalytiJc reduction of thebaine (Publication 
81 
2, and unpublished observations), and Cahn and 8chtipf and 
82 
Wiriterhalder have reported similar results. Oldenburg's 
original observation that thebaine absorbed two molecules 
83 
of hydrogen and yielded an amorphous base is probably a 
further example of such a mixture. 
1:2 Addition at CF.1 and C 14 occurs when the experimental 
84 
conditions are mild, and the main product, dihydrothebaine, 
is not reduced further under these circumstances. Hydrolysis 
by boiling hydrochloric acid removes the aliphatic methoxyl 
group of this base, and dihydrocodeinone is formed. This 
hydrolysis, which is analogous to the formation of codeirone 
from thebaine, indicates that the "enolic" double bond of 
dihydrothebaine has remained intact. More energetic reduc- 
tion of dihydrothebaine in acetic acid solution attacks the 
1:4- positions of the residual conjugated system, the oxygen 
84 
bridge is opened, and dihydrothebainone is formed by hydrolysis 
of the methoxyl group. 
72. 
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1:8 Addition at Oxygen and 04, followed by further reduction 
at the ends of the system C - C$ and hydrolysis of the 
85* 
methoxyl, yields dihydrothebainone. It is interesting to 
* Small quantities of dihydrothebainol, the secondary alcohol 
corresponding to dihydrothebainone, have been isolated by 
Skita and his co-workers from the catalytic reduction of 
thebaine in dilute acetic acid. 
73. 
note that the second intermediate stage has actually been 
86 
obtained as an oil by Wieland and Kotake from the reduction 
of thebaine in an acid -free medium, and that this oil passes 
into dihydrothebainone on treatment with acids. 
0L1,- H 
The first intermediate stage (above) represents the 
87 
phenolic dihydrothebaine which Freund and Holthoff pre- 
pared by the reduction of thebaine by means of sodium and 
alcohol, and in this reaction 1:6- addition proceeds to the 
exclusion of the other alternatives. The author has re- 
peated the work of these investigators and is able to 
confirm their results. The product contains two 
methoxyl groups, one of which is hydrolysed by acid, 
Their hypothesis that a cyclopropane ring is present 
is untenable. 
74. 
and in this way an unstable amorphous ketone is formed. 
A number of unsuccessful attempts were made to reduce 
this catalytically,,and in other ways,with the intention of 
preparing dihydroepithebainone, since the author considers 
that in all probability the configuration at C?-4 is the re- 
verse of that which occurs in the codeine series. These 
experiments are still in progress, and it is hoped that their 
successful accomplishment will confirm the author's views 
on the question of the isomerism of the tetrahydrodeoxy - 
codeines. 
It is noteworthy that hydrogenation of 0:14 takes place 
in each of the cases which have been discussed above, and 
consequently the formation of stereoisomers might be expected. 
Nevertheless, practically all the bases which are formed by 
the catalytic reduction of thebaine have the same configuratior 
Dihydrothebain.e was prepared exactly as described by Freund 
and Hoithoff, and the amorphous product, when quite dry, was 
crystallised twice from ethyl acetate. It formed colour- 
less prisms, m.p.153 °, which dissolved in warm, dilute 
sodium hydroxide, and was precipitated unchanged by the 
addition of ammonium chloride to this solution. (Found 
in material dried at 1000: 0,72,8; H 7.5; OIde, 20.1. Calc. 
for C 19H2303N: C, 72.9; H 7.3; (0Mie)2, 19.85) . The 
unsaturated character of the ketone formed by hydrolysis, 
and the position of the double -bond at 07-0$, are shown 
by the development of an orange yellow colour in con- 
centrated sulphuric acid, by the absence of colour in . 
concentrated hydrochloric acid, and by the formation of 
a_deep yellow solution in sodium hydroxide. The 
methiodide crystallised in faintly yellow prisms, m.p. 
1744- Taéc5mp.) . 
75. 
at C 14, - namely, that of codeine (see later, p.'",/ ) . 
Dihydrothebaine, for example, is converted by hydrolysis 
of the methoxyl into dihydrocodeinone, which in its turn 
is formed from codeine by reduction of a double bond at 
C? - C$, and the hydrogen at C. plays no part in these 
reactions. Further, tetrahydrothebaine is identical with 
dihydromorphine dimethyl ether which Mannich obtained by 
0 - methylation and catalytic reduction of codeine. The only 
exceptions in catalytic reductions which may have the reverse 
configuration at C24 are SchBpf's epidihydrothebainone 
(p. %: ) and possibly the tetrahydrothebaine, m.p. 1440, pre - 
85 
pared by Skita, Nord, Reichert, and Stukart, and the base 
84 
which Freund, Speyer, and Guttmann isolated as a rethiodide, 
m.p. 2480. 
76. 
THE DEOXY-COMPOUNDS AND SOME STEREOCHEMICAL 
RELATIONSHIPS 
The term "deoxy" is applied to those compounds of the 
normal or pseudo -codeine series in which the oxygen of the 
alcoholic hydroxyl has been eliminated in the course of a re- 
* 
duction of the molecule. A considerable number of these 
substances have been prepared, as will be seen by reference to 
the accompanying scheme of morphine derivatives, but hitherto 
no attempt has been recorded to explain the mutual relationships 
of the members of this group of compounds. 
When 44- chlorocodide (ex codeine) or 4- chlorocodide (ex 
-codeine) is reduced by means of zinc dust and absolute alcohol, 
the oxygen bridge is broken and the tertiary basic deoxycodeine 
88 
is produced. The phenolic character of this substance is 
evident from the solubility in alkali of a freshly- precipitated 
specimen, and from the formation of an acetyl- derivative and a 
methylether methiodide. Further light is shed on the chemical 
constitution by the ease with which deoxycodeinemethine methyl - 
ether or its methiodide yields dimethylmorphol (p.6- ) on 
treatment with dilute hydrochloric acid or sodium hydroxide 
respectively. Clearly, the molecule of deoxycodeine is in a 
suitable state of oxidation (compare p. 'l'. ) to yield an aromatic 
nitrogen -free derivative, and this condition is only made possible 
by the presence of two double bonds in ring III. This view is 
* The statement frequently made that the -OHOH- group of the 
alcohol is reduced to a methylene-group, -CH 2 -, is erroneous. 
77. 
confirmed by a study of the reduction of deoxycodeine, since 
four atoms of hydrogen may be taken up either in one or in two 
stages according to the reagents employed. The position of 
one of these unsaturated linkages may be inferred from the 
facts that the reduction of deoxycodeine by sodium and alcohol 
89 
yields the fully -reduced o4- tetrahydrodeoxycodeine (XLVI), 
whilst the reduction of deoxycodeine hydrochloride by palladium 
90 
and hydrogen produces the isomeric ß- tetrahydrodeoxycodeine 
(XLVI). Both these substances are phenolic tertiary bases, and 
a consideration. of the other methods by which they may be prepare( 
precludes any other explanation of the isomerism than that of 
stereoisomerism at 04. If this view be accepted, one of the 
double bonds of deoxycodeine must rest at C14, and the formation 
from- chlorocodide suggests C6 - C7 as the probable position 
of the second unsaturation. T7eoxycodine therefore receives 
the formula (XLVII), and it seems probable that during its forma- 
tion the normal codeine structure isomerises to theç,'- codeine 
type, and that the double bond in u8 - C.-4 is produced by 
elimination of hydrogen chloride. 
1 
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Electrolytic reduction of deoxycodeine yields dihydro- 
deoxycodeine, m.p. 1170 ( XLVIII) , not 1 reduction at the ends 
of the conjugated system, but by reduction of the double bond 
between 0 and C -4, as is shown by the production of the same 
base when chlorodihydrocodide (ex dihydrocodeine and phosphorous 
90 
pentachloride) is reduced under identical conditions. In this 
case the double bond in position C - CT is due to loss of 
hydrogen chloride in the sulphuric acid employed. catalytic 
90 
reduction of dihydrodeoxycodeine, m.p. 1170, yields c4- tetrahydro- 
¿ eoxycodeine or the steps may be reversed, since chlorodihydro- 
codide when reduced catalytically gives a non -phenolic, amorphous 
dihydrodeoxycodeine (XLIX), which in its turn is reduced elec- 
90 
trolytically to -tetrahydrodeoxycodeine. It is clear that this 
base and the two dihydrodeoxycodeines from which it is formed must 
have the same configuration as codeine (see later), since all 
may be obtained from chlorodihydrocodide. 
Turning now to the catalytic reduction of deoxycodeine, 
the addition of Pour hydrogen atoms saturates the molecule 
and the ``- tetrahydrodeoxycodeine which results must have the 
The same result is obtained from d - or (3 -chiorocodides, and 
the explanation is that deoxycodeine is first formed by elim- 
ination of hydrogen chloride in the 20% sulphuric acid employed. 
The author considers that -chlorocodide is best represented 
as the codide correspondin to allo t- codeine, and its 
formation from codeine by the action of hydrogen chloride - 
is comparable with the conversion of linalool into geranyl 
chloride by the same reagent. 
79. 
reverse configuration at C14. The yield here is quantitative, 
and the suggestion is now made that catalytic reduction of a 
conjugated system containing a double bond in the position 
Cß - C 14 (excluding reductions of thebaine) introduces the 
hydrogen on C-4 in the opposite sense stereochemically to that 
in which it is placed in codeine. Confirmation of this idea may 
be obtained from two sources: Firstly the electrolytic reduction 
91 
of bromocodeinone produces a second phenolic dihydrodeoxycodeine, 
m.p. 140 °, which is probably represented by (L), and catalytic 
reduction of this base yields(- tetrahydrodeox ycodeine in quanti- 
91 
tative yield. Secondly, the methine of dihydrohydroxythebainone 
o 
H 





* It is not entirely excluded that a Walden inversion at C14 
takes place during the electrolytic reduction, in which case 
this dihydrodeoxycodeine would retain the double bond of bromo- 
codeinone at C7 - 0, but this seems unlikely in view of the 
reduction of bromocodeinone to codeinone by means of iron 
and sulphuric acid. 
80. 
readily loses water in hydrochloric acid solution, whereas the 
parent base is stable, and this difference can only be explained 
by the loss of water between CIA and C8. Catalytic reduction 
of the base thus formed leads to the production of a dihydrothe- 
bainonemethine which is isomeric (presumably about C14) with 
80 
that prepared from dihydrothebainone. 
A second non -phenolic dihydrodeoxycodeine (dehydroxydihydro- 
codeine), m.p. 1070, has been obtained by Mannich and L8wenheim 
92 
by the catalytic reduction of ( -chlorocodide, and the author 
suggests tentatively that it is a stereoisomeride (at 0t4) of 
the amorphous dihydrodeoxycodein.e obtained from chlorodihydro- 
Iodide, and that in its formation hydrogen chloride is eliminated 
from 3- chlorocodide yielding an unsaturated intermediate which 
then undergoes reduction. The question is obscure, however, 
because a second product of the reduction is a dehydroxytetra- 
hydrocodeine (01 ki5OH, Mannish and Läwen$heim), of which the 
properties are very similar to those of j -tetrahydrodeox ycodeine. 
On the other hand, this compound may also be prepared by the 
92 
reduction of dihydrocodeinone by Clewmm ensen's method, which 
suggests the codeine configuration at O4, but the substance is 
clearly different from Speyer and Siebert's deoxydehydrothebaco- 
93 
dine with which it should be identical if the empyrical formula 
assigned by Mannich and L$wentheim is correct. 
Finally, the actual spatial relationships in the molecules 
must be considered. Tetrahedral models of the three alkaloids 
81. 
may be built up in a condition free from strain, and four points 
are immediately revealed by a study of these structures. (i) The 
.bonds attaching the carbon and the nitrogen of the ethanamine 
claim must lie on the same side of ring II; (ii) the chain 
will lie "above" the general plane of the molecule; (iii) the 
hydrogen at C is probably directed in the same "upward" direction 
as the ethanamine chain, since this arrangement produces a less 
strained oxygen bridge; (iv) no conclusion can be drawn regarding 
the actual configuration of the hydroxyl group in the isomeric 
codeines. 
Turning to those compounds which are produced by a change in 
04, water, bromine, and hydrogen peroxide react with the conju- 
gated system of thebaine to form compounds which have the same 
configuration at C14, since bromocodeinone and hydroxycodeinone 
yield the same hydroxycodeinone oxime and bromocodeinone may 
be reduced to codeinone, which may be further reduced to codeine. 
The true configuration of the hydrogen in codeine is determined 
by the formation of cyclic ethers (p. 68) in the hydroxycodeinone 
series, a condition which is only possible if the hydroxyl - 
group lies on the same side of the molecule plane as the vinyl 
group. The hydrogen at C14 is therefore in the cis- position to 
the ethanamine chain in codeine (morphine), in the same position 
in c -tetrahydrodeoxycodeine, and in the trans-position in 
tetrahydrodeoxycodeine. 
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PART II . 
THE OONSTITUTION OF THE APORPHINE ALKALOIDS. 
32. 
INTRODUCTION 
It is a natural sequence of a study of the morphine 
a: 
alkaloids to pass to a consideration of the aporphine serie0, 
a large group of bases which contain fundamentally the phenan- 
throne and isoquinoline ring -systems fused together. Many 
of the members of this series occur in Nature, a few on the 
other hand are produced by the interaction of the three 
morphine alkaloids with concentrated hydrochloric acid, and 
the interest of chemists has in the past been directed to, 
and is still focussed on a study of their constitution for 
two main reasons. Firstly, a study of the constitution of 
those which were obtained for the morphine alkaloids was 
clearly of the greatest importance in aiming at a knowledge 
of the structure of morphine, and in this connection the re- 
markable researches of Pschorr deserve especial mention, since 
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x The series is named after the simplest member, aporphine, 
which was prepared synthetically by Gadamer. 
83. 
Secondly, the naturally occurring aporphine bases are so 
widely distributed in different botanical families that 
the complete comprehension of their constitution and re- 
lationships cannot fail to afford considerable insight 
into the mode of formation and raison d'étre of alkaloids 
in plants. 
It is impossible to discuss in detail the analytical 
experiments in this field which are the outcome of the 
patient investigations of Pschorr, and more especially, of 
Gadamer, since steady progress has been hindered by wrong 
assumptions, - as in the earlier work in the corytuberine 
series -, or has been accelerated by brilliant conclusions 
based on scanty experimental evidence. Moreover, such a 
discussion would be outside the province of this thesis be- 
cause the work in which the author has been engaged has been 
purely synthetical in character. Nevertheless, the close 
similarity in the chemical properties of the aporphine alka- 
loids renders possible a brief general summary of the processes 
by which their structures have been determined. It should be 
realised however that the whole battery of available reactions 
has been brought to bear in but few cases, and that frequently 
84. 
it has been possible to determine the constitution of one 
member by a comparison of some of its properties with those 
of another. In this connection, apo.orphine has usually 
been regarded as the foundation stone of the aporphine group, 
and the author proposes to describe most of the general re- 
actions with reference to this base. 
85. 
THE REACTIONS OF THE APORPHINES 
(1) Exhaustive Methylation. 
Probably few series of reactions have had such far - 
reaching results as the sequence of degradation known as 
"exhaustive methylation ". (Hoffmann). The methohydroxide 
of the fully -methylated aporphine base is heated, or, more 
generally a solution of the methiodide in sodium hydroxide is 
boiled. The elements of water are eliminated from the mole- 
cule, and in most cases the methine which is produced is an 
optically inactive phenanthrene in which the nitrogen atom has 
broken away from a. In a few instances, however, the alterna- 
tive active 9- dimethylamino --3- vinyl -9t10- dihydrophenanthrene is 
i 
also formed, and Gadamer in reviewing the question has shown 
that these reactions proceed in both directions simultaneously, 
and that the predominant course is dependant on the concentra- 
tion of the solutions employed. 
The inactive methine methiodide, when submitted to treat- 
ment similar to that described above yields a vinyl phenan- 
threne, which is also formed by the spontaneous elimination 
of trimethylamine and hydriodic acid from the methiodide of 
the active methine. 
The nature of the vinyl phenanthrene is then determined 
in one of three ways. It may be distilled with zinc dust, 
Notably in the case of isothebaine. 
6. 
when the oxygen atoms are reduced, and the vinyl -group appears 
as the ethyl-group in anethylphenanthrene. This method is 
2 
unsatisfactory, however, since Pschorr and Karo have observed 
the formation of two isomeric ethyiphenanthrenes in the re- 
action. More certain results are obtained, therefore by 
reducing the vinyl -group catalytically, or by oxidising it 
to a carboxyl-group, which is either removed by heating or 
converted in its turn into methoxyl. These ultimate products 
of degradation are then synthesised in order that the specimens 
may be compared directly, and the steps of this synthesis have 




In the glaucine and corytuberine series the synthesis of 
the substituted phenanthrene derivatives was not effected by 
l'l 
Gadamer. Nevertheless, his synthesis of glaucine itself 
obviated the need for such experiments in that instance, and 
the synthesis of the ethers of the corytuberine group of alka- 
loids with which the author has been engaged have proved con- 
clusively the position of the oxygen atoms in these compounds. 
(2) Acylation has produced results which are so characteristic 
of the group that their appearance in the investigation of an 
alkaloid may be used to designate it an aporphine base. The 
normal Schotten- Baumann reaction. merely esterifies the phenolic 
hydroxyl groups, but if the base is submitted to the action. of 
boiling benzoyl chloride (for example), the isoquinoline ring 
is ruptured with the formation of a non -basic tribenzoyl deriv- 
ative, which exhibits the reaction characteristic of a phenan 
thren.e (quinone- formation) . 
NMe. " 
re yMe CoPh 
CHCNz eft c( (Az Cz z 
88. 
4 
Gadamer and Knoch have observed that a similar ring -fission 
of these bases may be brought about at room temperature by means 
of chloroformic ester, a reagent which may thus be used to 
characterise an isoquinoline base, since it is without action 
or the piperidine, pyrrolidine, and tetrahydroquinolin.e systems. 
(3) Oxidation reactions. 
Destructive oxidation has played but a small part in the 
chemistry of the aporphine bases, and two examples will illus- 
trate the nature of the results obtained. Garter isolated 
l:2 --di methoxybenzene- 3:4:5- tricarboxylic acid from the oxidation 
5 
of laurotetanine by permanganate, and thus deduced the presence 
of a catechol nucleus in the isoquinoline portion of the molecule 
6 
Warnat assigned a phenanthrene structure to boldine since he 
prepared from it l:2:3:4 benzene tetracarboxylic acid by oxida- 
tion with nitric acid. 
Milder oxidations have, however, proved remarkably fruitful, 
and in particular the action of iodine is especially noteworthy. 
in the case of many of the fully alkylated bases, alcoholic 
iodine forms dehydro- compounds - quaternary iodides in which 
two or four hydrogen atoms have been removed from the tetra- 
hydropyridine ring without destroying the carbon skeleton. 
With a number of the phenolic alkaloids, however, iodine reacts 
7 
in a peculiarly specific manner: apor:orphine, bulbocapnine, and 
isocorydine for example, yield a green quinhydrone compound 
89. 
(Pellagri' reaction) indicating that the para- position to a 
hydroxyl group (on c ) isvacant: corytuberine and corydine 
on the other hand do not give the Pellagri reaction, and 
Gadamer. has therefore assumed that corydine bears a hydroxyl 
group on C. The case of corytuberine is more difficult. 
Its susceptibility to atmospheric oxidation when in alkaline 
solution undoubtedly proves the presence of two hydroxyls in 
the ortho -position with respect to each other, and the non- 
identity of its dimethyl ether with glaucine (constitution 
proved by synthesis) led Gadamer to allocate the hydroxyls 
to CU,and a1, and to assume that the hydroxyl which takes part 
in the Péllagri reaction is occupied in the formation of a 
phenol- beta.ne, which is not found in. the similarly constituted, 
but less basic, apogmorphine. 
(4) Finally, considerable advantage has been taken of the 
observation of physiological action and the comparison of 
complex colour reactions, such as those produced by sulphuric 
acid or by Erdmann' s, rb ebd e' s, or Mandel in' s reagents, in de- 
termining the position occupied by hydroxyl groups or their 
ethers. 
90. 
CLASSIFICATION OF THE APORFHINE BASES 
The bases of the aporphine series fall naturally into 
four groups, distinguished mutually as much by the position 
of the oxygen atoms as by their distribution in nature or 
mode of formation. In the schemes which follow, arrows 
indicate that methylation converts one member of a group into 
another. 
(A) The Glaucine Group. All clextro- rotatory. 
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The recent publicationsof Barger and Silberschmidt and 
9 
of Spath and Strauhal have proved that laurotetanine is really 
a partially demethylated glaucine, and cannot therefore be 
5 
represented as a derivative of 2:3:6:7 tetramethoxyaporphine. 
In Barger and Silberschmidt's paper (p. 2927), some difficulty 
has been experienced in the direct comparison of synthetical 
and natural specimens of 2:3:5:6 tetra-methoxy-8- ethylphenan- 
threne. Thus "the crude acid" ( 2:3:5 :6- tetramethoxy- 8-- ethyl- 
phenanthrene-9- carboxylic acid) "was decarboxy.lated by heating 
0.2 g. in a bath at 230 - 250 ° /9 mm. An ethereal solution of 
the oily distillate, after being washed with sodium carbonate, 
was evaporated; the residue crystallised from hot methyl 
alcohol in pale brown leaflets, m.p. 106 °, and 112° when mixed 
with the corresponding compound from laurotetanine. The 
product (some 40 mg.) was redistilled and crystallised as 
before; it was now completely colourless and melted at 118 °, 
but the mixture with the laurotetanine derivative melted at 
106 °. The lowering of the melting point is as yet unexplained; 
it is not clear which of the two substances should first be 
suspected of having a wrong constitution assigned to it."` It 
appears to the author that these anomalous results may be ex- 
plained in the following way. The preparation melting at 106° 
is a mixture, possibly 0 eutectic in character, of the ethyl - 
phenanthrene with a by- product. An admixture with the authenti 
ethylphenanthrene (from natural source, m.p. 1200), the 
92. 
composition is altered to a mixture melting at 112 °(A). Dis- 
tillation of the mixture (1060) gives a product (m.p. 113 °B) 
of different composition, containing less ethylphenanthrene 
and more by- product. When the authentic ethylphenanthrene 
(natural m.p. 1200) is added to this, the melting point again 






.ii.3. Foc%..Gr 44kyi 11h th4ktkYetst 
The nature of the by- product is of course very problematica 
The author's experiences gained in the work of Publications l0 
and 12 indicate two possible sources of impurity in Barger and 
Silberschm.idt's synthetical preparation. It was found during 
the work described in those publications that the only method 
of obtaining satisfactory yields of phenanthrene -9- carboxylic 
acids was to diazotise with the calculated quantity of nitrite 
a solution of the amino -acid in methyl alcoholic sulphuric acid, 
and then to heat the diazonium solution under reflux. The by- 
product has possibly been found at this stage, since Barger and 
Silberschmidt heated the aqueous diazonium solution, and were 
unable to crystalline the product. Further, the author has 
found that the only suitable method of decarboxylating phenanth- 
rene -9- carboxylic acids is to heat a solution in glacial acetic 
93. 
acid in a sealed tube, and this is in harmonjr with the observa- 
tions of other authors. It seems not improbable therefore 
that an alternative constitution for the by- product of Barger 
and Silberschmidt is either that of the methylester of a phen.an- 
threnecarboxylic acid, similar to that which Pschorr obtained 
10 
by heating 3: 4:5- tetramethoxyphenanthrene -9- carboxylic acid, 
or else that of an arylcoumarin like those which Mayer and Balle 
produced by the decarboxylation of 2 -'4 -, or 5- methylphenanthren( 
11 12 
carboxylic acids. Stoermer and Prigge showed that one of these; 
at any rate, was a coumarin, which owed its existence to a re- 
markable rupture of the central phenanthrene linkage. 
13 
Domesticine and isodomesticine were considered by Kitasato 
to be 3( 4)- methoxy- 4( 3)- hydroxy- 6 :7- methylenedioxyaporphines 
because domesticine yielded 4:5-methylenedioxydenzene-1:2:3- 
tricarboxylic acid on oxidation, and their methyletter, domestine 
did not appear to be identical either with dicertrine or with 
9a-. 
bulbocapnine methyl ether. The revision of the formula for 
laurotetanine leaves these alkaloids as the only examples of 
the vicinal grouping (below) among the aporphine alkaloids, 
and the author believes that further investigation will prove 
that domesticine and isodomesticine are really partially de- 
methylated dicentrines, containing the usual homocatechol 
arrangement. 
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95. 
B. Corytuberine Group. Isolated from Corydalis Tuberosa, 
H^7 
No 
and all dextro -rotatory. 
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of the m.ethox.yl and hydroxyl groups in bulbocapnine by oxidising 
its ethylether to 4- methoxy -+ -ethoxybenzene- l:2- dicarboxylic 
acid of known constitution, and the synthesis of bulbocapnine 
15 
methylether (Publication 11) proves that these groups are in 
the 3 :4 and not the 1:2 position in the phenanthrene nucleus. 
The similarity in the reactions of bulbocapnine and isocorydine 
with iodine (Pellagri) indicates Cl as the position of the 
3 
hydroxyl in isocorydine, and therefore C. in the isomeric 
corydine. 
96. 
C. Derived Aporphines. All prepared from the Morphine 
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The laevorotatory character of these bases is noteworthy, and 
the question of this difference between the derived (from 
morphine) aporphines and the natural aporphines will be 
discussed shortly. 
97. 






The formula assigned to isothebaine is the most arbitrary 
point in the aporphine series, since it depends on the 
degradation of the methylether to the picrate of a trimethoxy- 
phenanthrene which is thought to be identical with the picrate 
of 3 :4 :5- trimethoxyphenanthrene, which, however melts Co higher. 
This identity, though attractive, is uncertain, and it is by no 
means excluded that isothebaine has the glaucine configuration 
in the "uppermost" benzene nucleus, although the fact that 
isothebaine gives the Pellagri reaction indicates a close 
similarity with corydine and morphothebaine, which are 3- 
methoxy- 4- hydroxy- derivatives, 
98. 
The point of chief interest in connection with isothebaine 
is that it occurs in the root of Papaver orientale after the 
period of blooming and withering of the aerial parts. During 
the time of vigorous growth of the plant, however, thebaine 
is the only alkaloidal constituent which can be isolated, and 
Klee has inferred from this that thebaine is actually converted 
into isothebaine. This inference, of which the accuracy is 
doubtful, opens up the whole question of the phytochemical syntheslE 
of the morphine and aporphine alkaloids. This question has 
already been discussed in part or completely by Robinson, by 
17 
Gadamer, and by Wellisch. Robinson's paper is of especial 
importance in view of its plausible, suggestive, and all- embracing 
character. It is the natural result of a study of the structures, 
relationships, and origins of the benzyl isoquinoline and 
phenanthrene alkaloids to agree with Robinson (loc. cit.) that 
the essential starting- points for the formation of these bases 
in the plant are a carbocyclic ethylamine and a carbocyclic 
acetaldehyde, which condense together following the lines of a 
23. 
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99. 
Robinson has derived both of these necessary materials in 
a most ingenious manner from ammonia, formaldehyde, a reactive 
acetone derivative, and acetylglycollaldehyde. Using these 
simple substances, he arrives by facile stages at a hydro - 
aromatic base and a hydroaromatic aldehyde, which may be 
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loo. 
It is cleá:r from the simultaneous occurrence in opium of the 
alkaloids morphine and narcotine that the basic constituent 
of the molecule must normally be present in its hydrated 
state, firstly because hydration of a benzene ring seems 
improbable, and secondly because in no other way can a satis- 
factory explanation be found of the presence of the three 
adjacent oxygen atoms of narcotine or of the anhalonium 
alkaloids. These views are essentially the same as those 
of Robinson. 
O Me 
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It is possible, however, to consider an alternative method 
of the production of Robinson's carbocyclic acetaldehyde 
and to regard it purely as a degradation product of the 
proteins. This alternative scheme is strictly speaking 
This example is introduced from an entirely different species 
(Anhalonium Lewinii, where the alkaloids occur in the 
flowering heads) in order to illustrate the general character 
of such phytochemical considerations. 
101. 
unnecessary, since the intermediate steps of Robinsonas 
synthesis may be regarded as the embryo stages of the pro- 
duction of tyrosine or of 3:4- dihydroxyphenylalanine in the 
18 
plant. Raper has shown that the initial action of tyrosinase 
20 
on tyrosine - a universal constituent of plant protein - is one 
of oxidation in which the homocatechol structure is produced 
in the form of 3:4 dihydroxyphenylalanine. Methylation of 
this amino -acid by means of formaldehyde as suggested by 
19 
Robinson (loc.cit.), following the lines laid down by Hess, 
would produce 7 :4- dihydroxyphenylacetaldehyde, and in connection 
with this scheme it is noteworthy that 3:4- dihydroxyphenylalanine 
20 
has frequently been isolated from plants. 
having thus firmly established the general nature of the 
process which initiates the formation of the alkaloidal skeleton, 
the author proposes to turn to the consideration of a problem 
which appears to have been overlooked by most investigators. 
Gadamer has drawn attention to this question but has not 
answered it. Why are the derived aporphines, apormorphine, 
morphothebaine, and °.,.c- apocodei.ne laevorotatory, whereas the 
natural aporphines are all dextrorotatory? To ensure clear 
understanding, it is necessary to indicate by schemes the 
possible steps in the synthesis by the plant of morphine, 
norcorytuberine, and norglaucine, but it must be realised that 
these schemes are not novel but are adaptationsand extensions 
102. 
of Robinson's or Gadamer's phytochemical processes applied 
to modern formulae. 
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It is customary to regard the final stages in the 
formation of norcorytuberine and norglaucine, apart from the 
methylation of the hydroxyls, as oxidations similar to those 
by which the naphthols yield dinaphthyls, but it is equally 
possible that the central phenanthrene linkage may be formed 
by the same intramolecular rearrangement which joins the 
carbocylic nuclei in the schemes for morphine. Whatever 
be the nature of the process, it is evident that either of 
two hydrogen atoms in the uppermost nucleus may enter into 
21 
the reaction. Gadamer has suggested that in the production 
of glaucine methylation of the hydroxyls precedes oxidation, 
and that in the corytuberine series the reverse is the case. 
This view, which is really based on the well -known para- 
directive power of the veratrole grouping as compared with 
the capacity of a phenolic hydroxyl for inducing ortho- 
substitution, has always appeared to the author as forced 
and unnecessary, and it is interesting to note in support 
22 
of this criticism that Sp.th and Kruta have observed that 
tetrahydropapaveroline reacts with formaldehyde forming 
equal quantities of racemic norcoralydine and palmatine 
(after methylation). Here the unmethylated nucleus has 
reacted to the same extent in the two positions, and it 
seems probable that the choice of position in these and 
104. 
similar cases is governed by the plant rather than by the 
alkaloid. 
ON 
Returning now to the optical activity of the aporphines, 
one atom (C:) of the molecule only is asymmetric. By 
reference to the section on morphothebaine (p.`; ) it will 
be seen that whatever be the processes involved in the formation 
of morphothebaine or apomorphine, Cg retains the same con- 
figuration as in the morphine alkaloid. The following con- 
clusion must therefore be drawn. Since the hydrogen atom 
attached to CQ in morphine must be "below" the plane of the 
molecule (the hydrogen at C14 is above), the hydrogen at C. 
must be "below" in the derived aporphines and therefore 
"above" in the natural aporphines. A natural sequence of 
this conclusion is that thebaine cannot be converted directly 
into isothebaine during the withering of the aerial parts of 
The numbering is the same as in morphine. 
105. 
Papaver orientale, but that the thebaine is destroyed, and 
that isothebaine is formed from fresh protein material. 
Thus it is evident that the fate of the alkaloidal skeleton 
is decided at the second stage of the Pictet isoquinoline 
synthesis (isomerisation or dehydration) since that step 
produces an asymmetric carbon atom. The further development 
of the isoquinoline to a morphine or an aporphine probably 
depends on the selective nature of biochemical processes, 
in which spatial configuration is known to play such an 
important part. it is, however, interesting to note one 
point in connection with the hydrindane formula which the 
author has considered as an alternative formula for morphine 
(p.47). When the isoquinoline structure is built up with 
tetraheral models, the strain produced by forming the 
five membered carboxyclic ring is much less if the hydrogen 
at 09 is "below" the plane of the model (morphine con- 
figuration) than if it is "above" ( aporphine configuration). 
106. 
SYNTHETICAL EXPERIMENTS IN COMNECTION WITH THE 
APORPHINE ALKALOIDS 
From a synthetical point of view, the aporphine bases 
which occur in Nat»re or are derived from morphine fall readily 
into two main divisions. These differ from each other with 
regard to the position occupied by the oxygen atoms in Ring I; 
glaucine is typical of the first group, while apomorphine is 














The most usual starting points in syntheses of aporphines 
which have been attempted in the past have been nitrobenzyl- 
isoquinolines (I), because the corresponding amino -derivatives 
24 
may be converted into the aporphines by Pschorr's method. 
The difficulty of preparing such nitrobenzylisoquinolines 
which has been experienced by various investigators has until 
now precluded the synthesis of the naturally occurring alka- 
25 26 
loids with the exception of glaucine and dicentrine. Since. 
107. 
both these bases are exceptional in containing ethereal oxygen 
atoms in the 2:3- positions, the necessary nitroisoquinoline 
compound was readily prepared by the direct nitration of 
the requisite 1- benzylisoquinoline in which the 3t:4'-positions 
were occupied by methoxy -groups. Thus, for example, 
papaverine (II) yielded 6tnitropapaverine which was converted 
into glaucine by Pschorr and by Gadamer. 
On the other hand, many alkaloids of the aporphine group 
contain phenolic or ethereal oxygen atoms in the 3:4- positions, 
and the preparation of bases having this configuration by the 
method of direct nitration would involve the introduction of 
a nitro.group into the 2'- position of a substance such as 
108 . 
papaverine, - an operation which has not yet been accomplished. 
27 
The discovery by Hope and Robinson that cotarnine (III) 
and the allied pseudo -bases condense with o- nitrotoluene and 
its derivatives provided a new method for the preparation of 
28 
nitrobenzylisoquinolines (I), and cadamer, Oberlin, and Schoeler 
have employed this method for the synthesis of aporphine (IV). 
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The replacement of nitrotoluene by a nitrohomoveratrole 
would lead in theory to the production of nitrodimethoxybenzyl - 
isoquinolines from which naturally occurring aporphines might 
29 
be obtained, and in practice Robinson and his co- workers were 
able to effect such a synthesis. Using 6-nitrohomoveratrole 
and quinoline methohydroxide they ultimately obtained isoapo- 
30 
morphine dimethylether (V); this substance has the glaucine. 
109. 
configuration in Ring 1, but the extension of the method to 
the preparation of dicentrine was frustrated by the inability 
of hydrastinine (VI) to react with o- nitrotoluenes in presence 
of sodium ethoxide, whilst glaucine itself had already been 











At this stage in the history of the subject the author 
initiated experiments on the synthesis of the aporphines and, 
in the first instance, turned his attention to the preparation 
of 2- nitrohomoveratrole (VII), which would lead in conjunction 
with suitable pseudo -bases to the production of alkaloids with 
the apomorphine configuration. This object proved remarkably 
difficult of achievement, since it was found to be impossible 
to introduce one nitro -group into the homocatechol molecule 
in the 2- position owing to the infinitely greater reactivity 
110. 
exhibited at the 6- position (Publications 5 and 6). 
Dinitration was however readily effected, and 2:6- dinitro- 
homoveratrole was obtained by the methylation of 2:6- dinitrocreo- 
sol (nitration of acetylcreosol) or 2:6- dinitroisocreosol 
* 
(nitration of isocreosol in ether by nitrous fumes). The 
reduction by sodium sulphide of 2:6- dinitrohomoveratrole pro- 
duced a mixture of the two possible nitroamines, and all 
attempts to separate this mixture into its components by 
chemical and physical means were fruitless. Nevertheless, 
since 2- nitro- 6- aminohomoveratrole seemed to predominate, the 
mixture was converted into 2- nitrohomoveratrole- 6- sulphinic 
aÇ ic; (together with a large quantity of a complex by- product) , 
* The following methods were investigated: 
(i) Nitration of isocreosol in ether by means of fuming 
nitric acid: small quantity of indefinite product. 
(ii) Nitration of acetylcreosol; and of acetylisocreosol; 
6- nitroacetyicreosol; and 5- nitro- 3- acetoxy -p- 
cresol and its methyl ether. 
(iii) Substitution in the 6- position by the chlorsulphonyl 
group followed by nitration: nitration in the 5- 
position. 
(iv) Nitration of acetyl -m- cresidine in acetic anhydride:. 
6- nitroacetyl -m- cresidine. 
(v) Diazotisation of m- cresidine in nitric acid: in- 
definite product. 
This procedure has since been shown to be most valuable 
in the nitration of phenols. 
which in its turn yielded 2- nitroisocreosol by oxidation and 
distillation in superheated steam. 
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The methylation of this nitro -phenol yielded the oily 2- 
nitrohomoveratrole which was obtained at about the same date 
31 
by Oberlin, who employed somewhat similar methods. Unfortu- 
nately, however, no indications could be obtained that 2- 
nitrohomoveratrole reacted with pseudo -bases under a variety 
of experimental conditions, and this remarkable difference as 
regards the activating effect of the nitro-group in the two 
positions is paralleled by an instance in Publication 18. 
On the other hand derivatives of dinitrotoluene readily 
condense with pseudo -bases, as for example when 2:6- dinitro- 
homoveratrole forms anhydrocotarnine- 2:6- dinitrohomoveratrole 
(VIII) on being warmed with cotarnine in alcoholic solution 
(Publication 5). This modification of procedure however seems 
to introduce great practical difficulties in the preparation 
of the necessary bases of the type of l-(2'-aminobenzyl)-2- 
methyltetrahydroisoquinoline (I, in which -NO2 is replaced 
by -NH2), as may be seen by comparison with the analogous 
Selective reduction and elimination of one nitro - group, 
followed by reduction of the other. 
112. 
32 
experiments of Robinson and Shinoda. The author therefore 
decided to explore methods which did not involve selective 
reduction, and the reactivity of the methylene group of 
benzyl cyanide offered a possible means of uniting the 2- 
nitrohomoveratrole nucleus with pseudo -bases. 2- Nitro -3:4- 
dimethoxybenzyl cyanide (Publication 16) readily combines 
with various pseudo -bases (Publication 15) to form anhydro- 
derivatives of which anhydrolaudaline 2- nitro- 3:4- dimethoxy- 
benzyl cyanide (Ix) is characteristic. 
cNz 
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Unfortunately the conversion of these bases into deriva- 
tives of phenanthrene was frustrated, by their instability 
to reagents. Cold, dilute acid immEdiately separates -the 
molecule into its generators, and it was found impossible to 
reduce the nitro -group in alkaline media without simultaneously 
removing the benzyl cyanide residue by hydrolysis. The author 
113. 
therefore abandoned attempts to prepare nitrobenzylisoquino- 
lines by means of pseudo -base condensations, and turned to 
what has proved a more satisfactory method. 
A review of the literature convinced the author that the 
33 
Bischler- iapieralski synthesis of isoquinoline bases had not 
been sufficiently investigated in connection with the apor- 
34 
phine alkaloids. The observations made by Pictet and hay in 
1913 during an attempt to synthesise apomorphine dimethyl ether 
by a modification of this method showed that the action of 
phosphorus pentoxide on 2'- nitro- 3':4'- dimethoxyphenylaceto -p° 
phenylethylamide (X) produced no basic material but only a 
non-basic substance (XI), to which the author prefers to assign 
the formula (XII) . For the same reason, Gadamer, Oberlin, 
35 
and Schoeler were unable to employ 2'-nitrophenylaceto-(- 
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The amides which have just been mentioned are similar 
in that they contain no activating groups in the phenylethyl- 
amine residue, and it was hoped that the Bischler- Napieralski 
synthesis would proceed more smoothly in the case of an amide, 
such as 2'- nitrophenylaceto- P -3:4- dimethoxyphenylethylamide 
(XIII), in which the methoxy - groups would facilitate the forma- 
tion of an isoquinoline. This expectation was justified, 
since 2'- nitro -5:6- dimethoxy- 1- benzyl- ' :4- dihydroisoquinoline 
(XIV) was obtained in excellent yield by the action of phos- 
phorus pentachloride on a cold solution of the amide (XIII) in 
chloroform (Publication 9). The constitution of this base 
was proved by the fission of its methiodide with dilute sodium 
36 
hydroxide in the manner described by Pschorr, the products of 
this reaction being o- nitrotoluene and 6:7-dimethoxy-2-m_ethyl- 
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When the methiodide of the base (XIV) was reduced with 
zinc dust and sulphuric acid in faintly acid solution, the 
monoacidic 2- (4t:5í- dimethoxy- 2'- )- methylaminoethyl`phenyl- 
indolo (XVI) was formed. This substance, which yielded a 
monohydrochloride and a non -basic acetyl derivative, exhibited 
the colour reactions of an indole, and yielded a deep red 
solution when treated with nitrous acid. From this solution 
the 3- oximino- derivative (XVII) was isolated; this substance 
is soluble in sodium hydroxide solution, dissolves in dilute 
mineral acids with the production of a red colour, and does not 
give the Liebermann nitroso- reaction. It is as yet unex- 
plained why the nitrous acid attacks the indole nucleus in 
preference to the basic methylamino- group. 
)(VI 
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On the other hand, the reduction of the methiodide of the 
base (XIV) in strongly acid solution with zinc dust and hydro- 
chloric acid yielded the diacidic 2t- amino -6:7 -dimethoxy -l- 
benzyl-2-methyltetrahydroisoquinoline (XVIII), which formed 
116. 
a dihydrochloride and a basic acetyl- derivative,and could be 
diazotised. From the same reduction, a small amount of 2- 
(4':5'- dimethoxy -2'-s -methylaminoethyl )phenyldihydroindole 
(XIX) was isolated, and formed a dihydrochloride and a nitros- 
amine. The base (XVIII) was converted into 5:6- dimethoxy- 
aporphine (XX) by treating the diazonium sulphate with copper 
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The application of similar reactions to the synthesis of 
aporphines of the apomorphine class, in which the oxygen atoms 
are in the 3:4- positions, necessitated the preparation of very 
large quantities of 2- nitro- 3:4- dimethoxyphenylacetic acid. 
34 
This acid had been obtained from vanillin by Kay and Pictet, 
but the process involved eight stages including a Cannizaro 
117. 
reaction in which the required product was the alcohol, 
and it was therefore desirable to investigate more convenient 
methods of obtaining this essential material. The well -known 
37 
preparation of phenylacetic acids devised by Erlenmeyer and 
38 
by Mauthner had never been applied to a nitroaldehyde, and 
accordingly the azlactone (XXI) prepared from 2-nitroveratralde- 
hyde and hippuric acid was submitted to alkaline hydrolysis 
(Publication 16). The course of the reaction was abnormal; 
none of the expected 2- nitro- 3:4- dimethoxyphenylpyruvic acid 
(XXII) was formed, but 6:7- dimethoxyisation (XXIII) and 2-amino- 
veratric acid (XXIV) were obtained, and it was evident that 
intramolecular oxidation and reduction had occurred in a manner 
which is analgous to the conversion of o- nitrotoluene into 
anthranilic acid. No alternative remained, therefore, but to 
34 
employ the method of Kay and Pictet for the preparation of 2- 
nitro- 3:4- dimethoxyphenylacetic acid, and considerable modifi- 
cations are described in Publication 16 which permit the pro- 
duction of this acid to be carried out on a large scale. 
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The reactions which are described in the proceeding pages 
were then extended to the synthesis of bulbocapnine methyl - 
ether (XXIV), corytuberine dimethylether (XXV), and morpho - 
thebaine dimethylether (XXVI);by employing 2- nitro -3:4- 
dimethoxyphenylacetic acid and suitableí- phenylethylamines 
as starting materials, and these researches are described in 
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In order that these methods might be available for the 
synthesis of the phenolic aporphines, corytuberine, bulbo- 
capnine, corydine, and isocorydine, the preparations of 
2- nitro- 3:4- dihydroxyphenylacetic acid ( XXVII), of 2- nitro- 
3-methoxy-4-hydroxyphenylacetic acid ( XXVIII), and of the 
isomeric 2- nitro- 3- hydroxy- 4- methoxyphenylacetic acid (XXIX) 
4 
119. 
have been investigated with some care, and the practical 
details are described in Publication 16. Syntheses of 
corytuberine (XXX) and corydine (XX.I) (Publication 17) 
are rapidly approaching completion. 
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Until November 1928, the constitutions assigned to 
laurotetanine ( XXXII) and its dimethyl- derivative, isoglaucine, 
5 
( XXXIII) were those devised by Gorter. The main arguments 
from which he deduced these structures were twofold. In 
the first place, the oxidation of laurotetanine by alkaline 
permanganate yielded 1:2- dimethoxybenzene- 3:4:5- tricarboxylic 
acid, thus establishing the fact that the benzene ring of the 
isoquinoline part of the molecule was a derivative of catechol. 
120. 
This acid may however be obtained from glaucine and from 
corytuberine, and Gort.er'schoice of the orthohomocatechol 
grouping in Ring III depended on the fact that isoglaucine 
was not identical with glaucine or with corytuberine dimethyl- 
ether. Secondly, the close similarity of the colour reactions 
of isoglaucine with those of glaucine convinced Gorter that 
the configuration of the methoxyl-groups in Ring I was the 
same as that in glaucine. As regards the first point, it 
has already been stated (p. 97 )that the author considers 
the occurrence of the vicinal grouping in this series to be 
highly improbable on phytochemical grounds, and a comparison 
of the colour reactions exhibited by all the members of the 
aporphine group assured him that Gorter's second argument was 
entirely valueless. In default of a supply of laurotetanine, 
the author decided some months ago to attack the problem by 
synthesising the base ( XXXIII) and the isomeric 3:4:6:7 - 
tetramethoxyaporphine ( XXXIV). These experiments are 
described in Publication 18, and it clear that neither of 
the substances (XXXIII) or(XXXIV) resembles Gorter's iso- 
glaucine. Incidentally it may be mentioned that the colour 
reactionsof the base ( XXXIV) approximate more closely to those 
of glaucine than do those of " isoglaucine" (XXXIII). These 
This alkaloid is obtained from the bark of Litsea citrata 
from Java. 
121 . 
results are incomplete agreement with the very recent work 
39 40 
of Barger and Silberschmidt and of Spath and Strauhal, who 
have shown that laurotetanine is in reality a member of the 

















In Publication 19 are recorded two groups of experiments, 
unfortunately not successful, by which it was hoped to solve 
the problem of the constitution of isothebaine by the synthesis 
of the substance having the formula usually assigned to its 
16 
methyl ether (XXXV). The first group consisted of a large 
number of attempts to convert 2'- nitro- 3':4'- dimethoxyphenyl- 
aceto - -4- methoxyphenylethylamide (XXXVI) into the correspondinE 
isoquinoline base, since it was hoped that the presence of 
the methoxyl group in the phenylethylamine nucleus would 
122. 
raise the general reactivity of the molecule sufficiently to 
allow the Bischier- Napieralski reaction to proceed normally. 
This expectation was not realised; no basic material was 
formed during the reactions, and the only crystalline sub- 
stance which could be isolated was the neutral 2'- nitro -3': 












These failures were attributed to insufficient activation of 
the 2- position of the (3- phenylethylamine nucleusyso that 
it was unable to compete with the methylene group of the acyl 
residue, the reactivity of which is enhanced by the nitro - 
group. In the hope of overcoming these difficulties, the 
second group of experiments lipev devised, in which an acyl- 
amino -group was introduced into the 3- position of the 
123. 
phenylethylamine, These efforts, however, were no more 
successful than those previously described and only resulted 
in the formation of 2'- nitro- 3'.4'- dimethoxyphenyl_(3- amino -4- 
methoxy- p- phenylethylamino)acetylene ( XXXIX). 
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The researches which remain to be described have dealt 
with attempted syntheses of apomorphine dimethylether 
(Publication 20). In the first place, the experiments of 
Kay and Pictet (p. gy') were repeated and confirmed, and 
as their miscarriage was due to the presence of the methylene 
group of the acyl residue, several attempts, unfortunately 
unsuccessful, were made with the object of converting 2- 
benzoylaminophenylglyoxyl- 4)- phenylethylamide,(XL) into an 
isoquinoline derivative. Had these results proved more 
satisfactory, the method might have been extended to 6 -7- 
dimethoxyisatin (p»'7*) 
A considerable volume of work has also accumulated 
(Publication 20), in which efforts have been made to devise 
124. 
a new method for the synthesis of apomorphine dimethylether, 
which would be applicable to the production in the laboratory 
of those aporphines where the activation of the (3- phenylethyl- 
amine nucleus is insufficient. The idea underlying these 
experiments, which are described in detail in Publication 20, 
has been the preparation of a deoxybenzoin (XLI) or benzil, 
or some allied derivative, which would readily lose the elementi 
of water in forming the isoquinoline ring (XLII). 
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ADDENDUM. 
THE CONSTITUTION OF SINOME NINE. 
No treatise on the morphine and aporphine alkaloids 
would be complete without a short reference to sinomenine, 
an alkaloid which was first isolated from the root of the 
Japanese climbing -plant Sinomeninm acutum by Kondo, Ochiai, 
and Nakajima (J.Pharm.Soc. Japan, 1923. 497. 511), and which 
has been examined more fully by Goto (Proc. Imp. Acad. 
Tokyo, 1926. 2. 7, 167, 414) . 
Sinomenine, C19H ?304N, is an unsaturated ketonic alcohol, 
containing two methoxyl- and one methylimino- groups, which 
exhibits the intense colour reactions of phenols though not 
itself phenolic. Catalytic reduction yields a ketonic dihydro- 
derivative, of which the colour reactions are undiminished, and 
oxidation by mild reagents removes two hydrogen atoms forming 
dehydrosinomenine, which yields a monoxime and a monosemicar- 
bazone and still exhibits vivid colour reactions. 
On the basis of these and other experiments (see below), 
Goto assigned to sinomenine the structure (I), but a considera- 
tion of other properties of the alkaloid convinced the author 
that the formula (II), or possibly (Iii), is a more suitable 
representation. On this basis, dehydrosinomenine is a 
diketone, and the inability of the second carbonyl group to 
form an oxime or semicarbazone is probably analogous to the 
failure of the methylene group in the same position of 
dihydrothebainone, thebainol, or dihydrohydroxythebainone 
to react with benzaldehyde. 
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When sinomenine is heated with concentrated potash, 
sinomenol (probably IV) is formed together with methyl - 
ethylamine, and a similar result is observed using sinomenine 
methiodide. The similarity of this result with the behaviour 
of the morphine alkaloids in analogous circumstances proves 
I 
that the ethanamine chain of sinomenine is attached to 13 
or C14, thus forming a direct barrier to the production of 
an aromatic phenanthrene system in which it would be 
retained as a normal side - chain. 
The Hoffmann degradation of sinomenine methiodide yields 
first an anhydro -base (V), which is readily decomposed by 
cold sodium hydroxide and methyl sulphate forming 
3. 
J- methyl - sinomenine methosulphate (VI), which contains three 
methoxy- groups and develops a blue colour with concentrated 
sulphuric acid. This last reaction indicates the presence 
of a conjugated system of at least three double -bonds (compare 
Publication 2 and Menzies and Robinson, J. 1924. 125. 2163) . 
The same (- methylsinomeninemethine may be prepared directly 
from sinomenine by means of methyl sulphate and sodium 
hydroxide, but in this case it is accompanied by a second 
methine, (- methylsinomeninemethine (VII), which develops 
an orange -red colour with concentrated sulphuric acid. 
H 
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These methines are therefore structural isomerides, and 
this conclusion is confirmed by the fact that further exhaustive 
methylation converts them into two isomeric tetramethoxyvinyl- 






Since the changes which have been described above cannot 
be satisfactorily explained in the light of Goto's formula, 
it would seem that the formula itself is incorrect. 
PU.t3LICATION 15 
ATTEMPTED SYNTHESIS OF APORPHINES BY MEANS OF 
2NITRO -7:4- DIMETHOXYBENZYL CYANIDE. 
The whole of the work described in this paper was 
carried out personally by the author. 
The most usual starting points in attempts to 
synthesise aporphine alkaloids have been substituted nitro - 
benzylisoquinolines (I), because these bases on reduction 
yield the corresponding amino- derivatives, which may be 
converted by Pschorr's method (Ber., 1896, 29, 496) into 
the phenanthrene alkaloids. The difficulty of preparing 
such nitroisoquinolines (I) has in general precluded . 
the synthesis of the naturally occurring alkaloids with 
a few exceptions. These exceptions are unique, however, 
in containing ethereal oxygen atoms in the 2:3- positions (II) 
and the necessary nitroisoquinoli.ne bases are readily 
prepared by direct nitration of the requisite 1- benzyl- 
isoquinoline derivative in which the 3' :4'- positions 
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Many alkaloids of the aporphine group contain phenolic 
or ethereal oxygen in the 7:4- positions, and in order 
to prepare bases of this constitution by the method of 
2. 
direct nitration, it would be necessary to introduce a 
nitro -group into the 2'- position of a base of the papaverine 
class (III) - an operation which has not yet been accomplished. 
The discovery by Hope and Robinson (J. 1911, 99, 2114), 
that cotarnine and the allied pseudo -bases condense with 
derivatives of o- nitrotoluene, provided a new method for 
the preparation of bases of the class (I), which has been 
employed. by Gadamer, Oberlin, and Schoeler (Arch. Pharm. 
195, 2F'5, 81) for the synthesis of aporphin.e (II) . It has 
not yet been applied to the synthesis of the naturally 
occurring alkaloids of the series, partly owing to the 
inability of some pseudo -bases, such as hydrastinine, to 
condense with derivatives of o- nitrotoluene, and partly on 
account of the inactivity of the methyl group of 2- nitro- 
homoveratrole as compared with that of the 6 -nitro -derivative. 
Derivatives of dinitrotoluene, however, readily react with 
pseudo -bases (IV), but this modification introduces compli- 
cations, such as selective reduction and elimination of one 
nitro-group, which greatly increase the practical difficulties 
in the preparation of bases of the nature of i -(2'- aminobenzyl) 
2- methyl.tetrahydroisoquinoline (V) . 
3. 
It seemed possible that these difficulties might be 
circumvented by the use of a mononitro -derivative of tolene, 
in which the methyl group was activated in such a manner, 
firstly that no interference with the reduction of the 
nitro -group would occur, and secondly that the activating 
group might subsequently be removed without affecting the 
rest of the molecule. Experiments along these lines indicated 
that 24nitro- 6-- bromohomoveratrole (Publication C) was in 
no way more reactive than the non- brominated substance, and 
attention was therefore directed to 2- nitro -3:4- dimethoxybenzyl 
cyanide (VI). It seemed probable that the methylene group 
of this substance would exhibit the same high capabilities 
for condensation as are shown by that of benzyl cyanide 
(compare Frost, Ann. 1809, 250, 157; Edwards, J.192F, 744). 
This expectation was fully justified, and anhydrocotarnine- 
2- nitro -3:4 -dimethoxybenzyl cyanide (VII), anhydrolaudaline- 
2- nitro -3:4- dimethoxybenzyl cyanide (VIII) and 2'- nitro- 3'.4'- 
4. 
dimethoxyphenyl -1 -0- methoxy -2- methyl- tetrahydroisoquinolin.e) 
acetonitrile (IX.) were readily obtained by warming alcoholic 
solutions of 2- nitro- 3:4- dimethoxybenzyl cyanide and the 



























l'he subsequent treatment of such anhydro- compounds was intended 
to be reduction of the nitro -group, completion of the 
phenanthrene system by diazotisation, hydrolysis of the 
cyano -group by Pinner's method (Die Imido&ther, 1892), and 
elimination of the resulting carboxyl group by distillation 
under highly- reduced pressure. Unfortunately /this sequence 
broke down at the first stage (reduction)Rbecause the anhydro- 
derivatives were immediately hydrolysed by cold dilute acids 
with re- formation of their generators, and it was found 
impossible to effect the reduction of the nitro -group in 
alkaline media without causing simultaneous fission of the 
molecule, as is described in the experimental section. 
5. 
Some description is required of the stages in the 
production of 6- meth. oxy- l- hydroxy-2- methyltetrahydroiso- 
quinoline, the pseudo -base employed in the preparation of 
the base (IX). The starting point in these experiments 
was m- methoxy-- phenyleth.ylamine, which has been obtained 
more recently by Helfer (Hely. Chim. Acta, 1924, 7, 945) 
and by Chakravarti, Haworth, and Perkin (J. 1927, 2265) 
from m- methoxybenzaldehyde in the manner employed by 
the author. The formyl -derivative of this amine yielded 
6- methoxy- 3:4- dihydroisoquinoiine when submitted to the 
Bischler- Napieralski reaction (Ber. 1893, 2e, 19u3), and 
the pseudo -base was readily obtained from this by treatment 
of the methiodide with aquedus potash. A number of related 
substances are described in the experimental section. 
EXPERIMENTAL 
m4Iethoxy- ô- nitrostyrol. This substance was prepared in 
the hope that m- methoxy_Ç phenylethylamine might easily 
be obtained from it by reduction. The yield during this 
latter process was unsatisfactory, and the method was 
abandoned. 
(i) A cold solution of sodium (2.3g) in absolute alcohol 
(50cc.) was added during one hour to a solution of m- methoxy- 
benzaldehyde (12.4g) and nitromethane (6.1g) which was 
6. 
cooled in ice. After the mixture has remained in ice until 
a sample deposited no oil when diluted with water, the 
sodium salt of the aci -form of m- methoxy F,(- hydroxy- w - 
nitrostyrol (compare Bouveault and Wahl., Compt. Rend. 
1902, 135, 141) was precipitated with ether, collected, and 
dehydrated 13y heating for 3 hours with fused zinc chloride 
(10g) and glacial acetic acid (50cc.). When this solution 
was mixed with water, the nitrostyrol separated in crystal- 
line condition, and was collected, dried, and recrystallised 
from benzene -ligroin, from which it separated in shining 
yellow leaflets, m.p. 91 -920 (Found: 0,60.3; H, 5.4. 
009031 requires 0,60.3; H,5.1%). It dissolved readily 
in chloroform, acetone, and hot benzene, but was insoluble 
in ligroin. 
(ii) It was found that the method of Knoevenagel and 
Walter (Ber. 1904, 37, 4502), if followd exactly, resulted 
in what seemed to be an insoluble polymeride, and the 
following modification was therefore employed. A mixture 
of m- methoxybenzaldehyde (10.8g), nitromethane (5.2g), 
methylamine hydrochloride (0.4g), and anhydrous sodium 
carbonate (0.2g) in absolute alcohol (10cc.) was kept at 
room temperature during 48 hours. The shining plates which 
had separated were collected, washed with alcohol, and 
7. 
found to be practically pure m- methoxy- c-nitrostyrol. A 
small quantity of methylamine hydrochloride and sodium 
carbonate was added to the filtrate, and the mixture was 
left at room temperature for 24 hours. The crystals were 
collected, and successive crops were removed from the 
filtrate every 12 hours without further addition of the 
condensing reagents. When a total yield of 12g. had 
been isolated, a mixture of two substances began to 
separate from the solution. One of these was very sparingly 
soluble in the usual solvents, and seemed to be the poly - 
meride mentioned above, while the other could be crystallised 
from alcohol. After several crystallisations from this 
solvent, it was obtained as pale yellow, non- lustrous 
clusters of needles, which melted at 91 -920 and at the 
same temperature when mixed with the shining leaflets. 
It was thought at first that the two forms might be 
stereoisomeric, but a careful investigation of their 
crystalline forms and of the seeding of their solutions 
showed that they were merely dimorphic. 
m -Methonphenylacetaidoxime. A mixture of the nitro - 
styrol (4g), zinc dust (10g), acetic acid (10g), and water 
(200cc.) was warmed on a water bath until most of the nitro - 
styrol had dissolved. A further quantity of zinc dust (og) 
8. 
was then added, and the heating continued for 20 minutes 
after all the styrol had dissolved. The liquid was boiled, 
filtered, and the filtrate deposited a brown oil, which 
showed signs of becoming crystalline. This was dissolved 
in ether, and the oxime was separated from the coloured 
impurities by repeated extraction of thé ether with small 
quantities of sodium hydroxide. The alkaline solution 
was freed from ether and acidified with acetic acid. 
The colourless oil soon solidified and was collected, 
dried in vacuo, and crystallised from ligroin (b.p. 60 -800) 
(yield 0.4g or 1l5 of that theoretically possible) . The 
oxime formed colourless needles, m.p. 9 1 °, and was readily 
soluble in the usual solvents (Found: 0,65.6; H,6.7. 
09411(4T requires 0, 65.5; A,6.7%). 
Formyl m- methoxy -P'- enylethylamine. m Methoxycinnamic 
acid was prepared in the manner which has since been described 
by Chakravarti, Haworth and Perkin (loc. cit.), and was 
converted into m- methoxy- <- phenylethylamine as described 
by Helfer (loc. cit.). The amine (20g.) and anhydrous 
formic acid (20g.) were heated in an oil bath at l750 for 
6 hours, and the product was poured into water, extracted 
with benzene. The extract when dried and distilled yielded . 
the formyl derivative as an oil, b.p. 2160/17mm. (Found: 
N, 7.9. 010H1302N requires N, 7.8%) . 
9, 
6- lethoxy.- 3: ,*- dihydroiso2uinoline methiodide. The vigorous 
reaction which occurred when phosphorus oxychloride (25cc.) 
was added to formyl- m- methoxy- 6- phenylethylamine was 
moderated by cooling, and the mixture was then heated on 
the water bath for 2 hours, cooled, and mixed with ligroin. 
The basic product of the reaction, which remained as a salt 
in the lower layer, was washed with ligroin by decantation 
and dissolved in dilute hydrochloric acid. Concentrated 
potassium hydroxide solution precipitated from this acid 
solution the 6- methoxy -3:4- dihydroisoquinoline as an oil, 
which was extracted with benzene, and dried with solid 
potash. When methyl iodide was added to the dry, filtered 
solution, the methiodide (20g.) rapidly separated, and was 
recrystallised from alcohol, from which it separated in 
bright yellow needles, m.p. 199° (decomp.) (Found: 1,41.8. 
C 1 i. i40NI 
requires 1,41.9%). 
6- Methoxy- 1- hyd.roxy -2 methyltetrahydroisoquinoline. The 
methoidide (5g.) was dissolved in warm water (50cc.), and 
the solution was cooled under the tap so that no separation 
of material occurred. Concentrated potassium hydroxide 
(15cc. of 50 %) precipitated the pseudo -base as an oil, 
which rapidly crystallised when seeded with a crystal 
obtained. previously by rubbing a small portion with 
ether. This product was collected at the pump on asbestos, 
10. 
washed with a little water, and dried in vacuo over solid. 
potash. When crystallised from benzene, the pseudo -base 
formed colourless prisms, m.p. 1020, which decomposed 
rather readily when dissolved in hot solvents (Found: 
N,7.2. C11H1502N requires N,7.25). 
6-i2ethaz-1-keto-2-methyltetrahydroisócuinoline. The 
m ethiodide described above (6g.) dissolved in water (300cc.) 
was converted into the corresponding methoc hloride by the 
usual method, Dilute sodium hydroxide (60cc. of 2N) and 
potassium permanganate (1.1g. in 30cc. of water) were then 
added, and after 1 hour, the solution was filtered, neutraliser 
with dilute sulphuric acid, and concentrated on the water 
bath. The oil which separated was dissolved in ether and 
dried with potassium carbonate. This extract yielded an 
oil which rapidly crystallised, and the quinolone separated 
from a mixture of ligroin (b.p.40 -600) and benzene in 
colourless rhombic plates, m.p.500 (Found: 0,68.8; H,6.7, 
C 11H 1302N requires 0,69.1; H, 6.P1). 
Anhydrocotarnine -2- nitro- 3:4- dimethoxybenzyl cyanide. A 
solution of cotarnine (1g.) and 2- nitro -3:4- dimethoxybenzyl 
cyanide (lg.) in alcohol (10cc.) was warmed for a few 
moments on the water bath until crystals formed in the 
liquid. When cold, the anhydro- compound was collected and 
11. 
recrystallised from ethyl alcohol, forming colourless 
needles m.p. 1530 (decomp.), having gradually become red 
from 1200 (Found: 0,60.0, H,5.4. 022H2307N3 requires 
0,59.9; H,5.2%). 
Anhydrolaudaline -2- nitro -3:4- dimethoxybenzyl cyanide. A 
solution of laudaline (Pyman, j.1909, 95, 1266; compare 
Robinson and Shinoda, J. 1926, 1959) (0.2g.) and 2- n itro- 
3 :4- dimethoxybenzyl cyanide (0.2g.) in alcohol (6cc.) was 
warmed for a few minutes and allowed to remain odernight. 
Next day, the anhydro- derivative separated when the vessel 
was scratched with a glass rod, and was recrystallised 
from alcohol in clusters of faintly yellow needles, m.p. 
125 -1270 (Found: 0,62.0; H,6.1. C222506N3 requires 
0,61.8; H15.9%). 
2' -Nitro -3' : 4'- dimethoxyEheny1- 1- (6-- methoxy- 2-- methyltetra 
hydroisoauinoline) acetonitrile was prepared from 2-nitro- 
3:4-dimethoxybenzyl cyanide (4.8g.) and 6- methoxy -l- hydroxy- 
2- methyl. tetrahydroisoauinoline (4.2g.) in a manner similar 
to that used in the preceeding case. It crystallised from 
alcohol in clusters of yellow needles (6g.) which melted 
at 95 -960. (Found: 0,63.8; H, 5.3. 021H2305N3 requires 
0,63.5; H,5.8 %). 
12. 
Reduction of the Anhydro -base (IX). No reduction occurred 
when the base was treated with hot alcoholic ammonium 
sulphide, and the reduction was accordingly carried out 
in the following way. The base (2.1g.) in hot alcohol 
(60cc.) was added to a reducing mixture previously prepared 
by the addition of concentrated ammonia (20cc.) and hot 
alcohol (80cc.) to a solution of ferrous sulphate (12.5g.) 
in hot water (100cc.) containing a trace of sulphuric acid. 
This mixture was then heated on a water bath for 30 minutes, 
filtered, and the filtrate was mixed with about 400cc. of 
alcohol in order to precipitate all the ammonium sulphate. 
This was removed by filtration, and the alcohol evaporated 
under reduced pressure. The residual gum soon crystallised, 
and formed honey-coloured, boat-shaped plates, m .p . 1070, 
when recrystallied from water (Found: 0, 62.5; H, 5.9; 
H1202N2 
requires 0, 62.5; H, 0.2; N, 14.6%) . N, 14.5 
010 
The identity of this substance was determined by means 
of a mixed melting point determination with the specimen 
of 2- amino -3:4- dimethoxybenzyl cyanide described below. 
2- Amino -3:4- dimethoxybenzyl cyanide. A solution of pure 
2- nitro -3:4- dimethoxybenzyl cyanide (1g.) in hot alcohol 
(25cc.) was added to a reducing mixture of ferrous sul- 
phate (11.2g.) in water (100cc.) and concentrated ammonia 
(20cc.). This mixture was heated on the water bath for 
13. 
30 minutes, filtered through a thin layer of charcoal, and 
evaporated on the water bath until crystals separated on 
the surface of the liquid. The amino -nitrile separated 
completely on cooling, and was recrystallised from water, 
forming colourless needles, m.p.108 °. It dissolved in 
cold dilute hydrochloric acid, and the diazonium salts 
coupled with (- naphthol in alkaline solution. In attempt- 
ing to hydrolyse this compound to form the corresponding 
oxindole (Publication 16), a solution in concentrated 
hydrochloric acid was boiled for 3 hours, poured into water, 
and rendered alkaline with ammonia. The solution at once 
became coloured, and rapidly passed through the series 
of green, purple, blue and black; no homogeneous material 
could be isolated. 
The acetyl derivative was prepared by warming the base 
with acetic anhydride, adding water, and collecting the 
product. It crystallised from water in minute colourless 
needles, m.r.1840, which were insoluble in dilute acids. 
PUDLICATION 16. 
NITRO -DERIVATIVES OF 3:4- DIHYDROXYPH1NYLACETIC ACID. 
The whole of the work described in this paper was carried out 
personally by the author. 
In order that the Bischler- Napieralski reaction for the 
preparation of isoquinoline bases might be applicable to the 
synthesis of aporphines in which the oxygen atoms of Ring I are 
in the 3:4- positions,it became necessary to prepare large 
quantities of 2- nitro- 3:4- dimethoxyphenylaceti6 acid (I). 
This acid had already been obtained by Kay and Pictet (J.1913. 
103. 950) ;but only bya long series of rrocesses of which one was 
a Cannizzaro reaction where the desired product was the alcohol, 
and it was therefore highly important to explore less tedious 
methods of preparing the acid in better yield than that recorded 
by the earlier investigators. The smooth decomposition of 
°- ketonic acids into carbon dioxide and carboxylic acids con- 
taining -CO- less than the parent substance, by oxidation with 
hydrogen peroxide in alkaline solution, seemed to offer a possible 
route to this end, more especially as the method which it was de- 
cided to employ had been used with marked success by other workers 
for the preparation of phenylacetic acids (Mauthner, Ann.1909. 
370. 368; Kropp and Decker, Ber. 1909. 42. 1184; Cain, Simonsen, 
and Smith, Je 1913. 103. 1036). There was no record of the 
formation of a nitrophenylacetic acid in this way, but the early 
stages proceeded smoothly in the expected manner. The azlactone 
(II) was readily obtained by the condensation of 
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2. 
2- nitroveratraldehyde (Pschorr and Sumuleanu, Ber. 1899. 32. 
3405; Pschorr. and Stóhrer, Ber. 1902. 35. 4397; Pisovschi, 
Ber. 1910. 43. 2137) with hippuric acid, and the hydrolysis 
of this with hot alcoholic hydrochloric acid or with dilute 
sodium hydroxide for a short time yielded 2- nitro -3:4- dimethoxy- 
-benzoylaminocinnamic acid (IIT). When the alkaline hydrolysis 
was prolonged, abnormal results were obtained, and none of the 
expected phenylpyruvic acid (IV) could be isolated. In addition 
to ammonia, benzoic acid, carbon dioxide and oxalic acid, the 
products of the reaction were a nitrogenous ketone C10H904N, 
and an aromatic amino -acid 09H1104N. This acid contained a 
primary amino -group which could be diazotised and acetylated, 
and the identity of the substance as 2- arninoveratric acid (Kahn, 
Ber. 1895. 28. 810, Pschorr and Sumuleanu, loc .cit .) was deter- __ 
mined by a mixed melting point, and by the melting point of the 
acetyl -derivative. 
The properties of the ketone were reminiscent of those of 
isatin, and the conclusion that the substance was 6:7- dimethoxy- 
isatin (V) was strongly supported by the preparation of a semi - 
carbazone,and by the indophenine reaction which the ketone 
exhibited with thiophene and sulphuric acid. Complete con- 
firmation of this identity was obtained by the reduction of the 
isatin first to 6:7- dimethoxydioxindole and then further to 
6:7- dimethoxyoxindole (VI), which was also prepared by the 
3. 
reduction of 2- nitro -3:4- dimethoxyphenylacetic acid. 
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The course taken by this reaction is clearly yet another 
instance of the internal oxidation and reduction which occurs 
in compounds where a nitro -group is in the ortho -position to a 
carbon chain. Examples of these changes are the well -known 
conversion of an o- nitroaldehyde to the corresponding nitroso- 
acid (Ciamician and Silber, Ber. 1901. 34. 2040); the trans- 
formation of o- nitrotoluene by boiling alkali first into 
anthranil, and then into anthranilic acid (Preuss and Binz, Z, 
fur angew. Chem. 1900, 385; Bamberger, Ber. 1903. 36. 836; and 
the formation of isatin from o- nitrophenylpropiolic acid (Baeyer 
Ber. 1880. 13. 2254) . The small quantity of amino- veratric 
acid which is also produced is probably due to further oxidation 
or hydrolysis at the di-carbon atom of the side chain. 
These methods were obviously unsuitable for the preparation 
of 2- nitro- 3:4- dimethoxyphenylacetic acid, and no alternative 
remained but to modify the methods of Kay and Pictet so that 
they might be available for the treatment of large quantities 
4. 
of material. The details of these modifications are 
described in the experimental part of the paper. 
The synthesis of the phenolic alkaloids of the corytuberine 
group necessitated the preparation of 2- nitro -3:4- dihydroxy- 
phenylacetic acid (VII), 2- nitro -3- methoxy- 4- hydroxyphenyl- 
acetic acid (VIII), and the isomeric 2- nitro -4- methoxy -3- 
hydroxyphenylacetic acid (IX), and with this object in view 
a study was made of the demethylation of 2- nitro- 3:4- dimethoxy- 
phenylacetic acid. This reaction, simple though it may seem, 
has proved exceedingly difficult to control, but conditions 
have been defined by which the acids (VII) and (VIII) may be 
obtained simultaneously by demethylation with boiling hydro - 
bromic acid. 
The protection of the hydroxyl groups of these acids during 
the early stages of the aporphine synthesis is a matter of con- 
siderable importance, and the carbethoxy- and benzyloxy- 
derivatives have been prepared and tested as regards their 
stability to hydrolytic reagents. The protective groups of 
both classes are rapidly removed by hot, moderately concen- 
trated hydrochloric acid (as in the reduction of the nitro- 
benzylisoquinolines), but in less concentrated acid, the 
carbethoxylated acids exhibit greater stability than the 
benzyloxy- derivatives. Further, the normal benzylation of the 
phenolic acid is a side- reaction only of the action of benzyl 
5. 
chloride on the sodium salt, and the greater part of the 
product is a benzyl- ester, which has also undergone a more 
deep - seated change. Carbethoxylation proceeded very smoothly 
on the other hand, and the carbethoxy -group was therefore 
selected for protective purposes. 
Partial demethylation (at position 3) of 2- nitro -3:4- 
dimethoxyphenylacetic acid cannot be effected by means of 
boiling sodium hydroxide solution, because a process of internal 
oxidation and reduction occurs, and the product is 5:6 -djme- 
thoxyanthranilcarboxylic acid (X). The alternative method 
which is available for the preparation of the acid (IX), namely 
partial methylation of 2- nitro -3:4- dihydroxyphenylacetic acid, 
has not yet been investigated thoroughly, but it seems that 
this step will prove difficult, since no methylation takes 









6- Nitro- 3:4- dimethoxyphenylacetic acid was required 
for the synthesis of Gorter's isoglaucine, and this was 
prepared by the nitration of 3:4- dimethoxyphenylacetic acid. 
This method is more convenient than that described by Oxford 
and Raper(J. 1927, 417) . 
. 
EXPERIMENTAL. 
Anhydride of 2- nitro -3:4- dimethoxy- d- benzoylaminocinnamic 
acid. Powdered anhydrous sodium acetate (12g) was added to a 
mixture of 2- nitroveratraldehyde (12g), hippuric acid (11g), and 
acetic anhydride (20cc.) which had previously been heated to 
1000 on the water bath. In a few minutes the colour of the 
liquid became deep red, heat was evolved, and soon the product 
vAs 
separated in crystalline form. Alcohol (20cc. of 70%) lemme 
then added, the solution was cooled, and the azlactone collected, 
washed with 70% alcohol until colourless, and then treated re- 
peatedly with boiling water. The yield was 14g., and this was 
not improved by prolonged heating during the reaction. 
The azlactone crystallised from alcohol or from ethyl 
acetate in yellow, felted needles, m.p. 169 -1700 (Pound: C160,5; 








, C, 61.0; H, 3.9; 
N, 7.9 %). Bain, Perkin and Robinson give the melting point as 
145° (J. 1914. 105. 2403) . 
2- Nitro- 3: 4- dimethoxy- J- benzoylaminocinnamic acid. Hydrolysis 
of the azlactone was readily carried out by heating with 10% 
aqueous sodium hydroxide solution, or by means of boiling 
aqueous alcoholic hydrochloric acid. On acidifying the solu- 
tion in the first case, or by cooling in the second case, the 
acid was obtained in crystalline form, and was crystallised 
8. 
from 70% alcohol. It formed colourless needles, m.p. 216 -217° 
(Found in material dried at 100°: 0,58.1; -H, 4.3. Calc . for 
C181-1 1607N2 C, 58.1; H,4.3 %). The acid was readily soluble 
in alcohol acetone, and acetic acid, but dissolved sparingly 
in benzene,ether, and chloroform. The azlactone was regenera- 
ted by heating with acetic anhydride. 
Prolonged Alkaline Hydrolysis of the Azlactone. A solution 
of the azlactone (8g) and sodium hydroxide (4.8g) in water 
(40cc.)and alcohol (120cc.) was boiled under reflux for 5 
hours, cooled and separated by filtration from sodium carbonate 
(3.6g). After the alcohol had been evaporated away, excess of 
sulphur dioxide was passed into the solution, and the precipitate 
(A) collected washed with water, and dried in a desiccator. The 
filtrate was mixed with excess of hydrochloric acid, boiled to 
expel sulphur dioxide, cooled, and extracted repeatedly with 
chloroform. The extracts were dried with sodium sulphate and 
distilled, leaving a mass of dark red needles (B). The fraction 
A was separated by crystallisation from benzene into a readily 
soluble portion, which was later identified as benzoic acid, 
and a sparingly soluble portion (C). 
Fraction B. 6:7- Dimethoxyisatin . (1.2g.) . This was crystallises 
twice from alcohol and then formed orange needles,mp . 210° 
9. 
(Found: 0, 58.1; H, 4.5; N, 6.6. 010H904N requires C, 58.0; 
H, 4.3 1, 6.8%). This substance was readily soluble in acetone 
and chloroform, but sparingly soluble in benzene and ether. It 
did not dissolve in cold sodium carbonate, but with sodium 
hydroxide it formed a crimson solution which rapidly became 
yellow. An orange colour was developed with concentrated 
sulphuric acid, and with thiophene and sulphuric acid, a green - 
blue indophenine was formed. 
Dimethoxyisatin semicarbazone was prepared by warming for 5 
minutes on the water bath a mixture of the ketone (1.5g), 
semicarbazide hydrochloride (0.81g), excess of sodium acetate, 
and alcohol (15cc.), cooling, and adding water. The precipi- 
tate was collected and crystallised from alcohol in small yellow 
needles, m.p. 254° (decomp.), or from dilute acetic acid in 
yellow needles m.p. 250° unsharply. These are anhydrous, 
whereas those from alcohol contained one molecule of water of 
crystallisation. (Found in 
. H2O requires N, C11H1204N4 
dilute acetic acid: N, 21.0 
This substance dissolved in 
solution, and was sparingly 
material from alcohol: N, 20.1. 
19.8. Found in material from 
; C11H1204N4 requires N, 21.2 %) . 
sodium hydroxide forming an orange 
soluble in the usual solvents. 
Fraction C. 2- Aminoveratric acid (1.0g). This was crystallised 
from water and from benzene, and formed colourless needles, m.p. 
10. 
182 -183° (Found: 0, 54.9; H, 5.6. 09H1 104N requires 
0, 54.8; H,5.6%). The presence of a primary aromatic 
amino -group was shown by coupling the diazonium salt with 
-naphthol, and the acetyl- derivative melted at 190 °. These 
properties were those of 2- aminoveratric acid, and the identity 
of the substance was confirmed by a mixed melting point with 
an authentic specimen. 
6:7- Dimethoxydioxindole. A boiling solution of the isatin 
(3.4g) in water (150cc.) was mixed with sodium hydrosulphite 
(10g), filtered, and cooled. The product separated from the 
pale yellow liquid, and was recrystallised from water in 
leaflets m.p.200° (Found: 0, 57.4; H, 5.4. 
'3101./11°4N 
requires 0, 57.4; H, 5.3 %) . 
6:7- Dimethoxyoxindole. A fine suspension of the dioxindole 
(2g), alcohol (10cc.), water (45cc.) and sodium bicarbonate 
(0.5;) was saturated with carbon dioxide while cooled in ice, 
and reduced by the gradual addition of 4% sodium amalgam 
(35g). Next day the precipitate was collected and extracted 
with ether; the solvent was distilled, and the residue 
crystallised from water. Dimethoxyoxindole formed almost 
colourless needles m.p.192 -193° which were readily soluble in 
ether and alcohol (Found: 0, 62.3; H, 5.8. 010H1103N 
11. 
requires C, 62.2; H, 5.7 %) . It was identical with 
the specimen prepared as described below. 
2- Amino -3:4- dimethoxyphenylacetic acid. A solution of 2-nitro- __ 
3:4-dimethoxyphenylacetic acid (1g) in hot dilute ammonia 
(30cc.) was added to a hot reducing mixture of ferrous sulphate 
(10.5g) in water (100cc.) and concentrated ammonia (10cc.). 
The mixture was heated for 30 minutes, filtered, and the 
filtrate evaporated in an open basin to a volume of 40cc. 
(It is essential that the solution should not be allowed to 
evaporate to dryness, as dehydration takes place, and the 
product is then a mixture of the amino -acid and the oxindole). 
Several extractions with ether removed the whole of the product, 
which was then isolated by distilling the ether. The amino- 
acid crystallised from water in almost colourless needles, map. 
154 °. (Found in material dried at 100° for 15 minutes: 0, 




r0 1V requires C, 56.9; H, 6.150. Tt 
dissolved in cold bicarbonate solution, and when diazotised 
coupled with - naphthol in alkaline solution. When heated 
at 160° in an oil bath, it effervesced, and the residue 
immediately crystallised in needles. This proved to be 
6:7- dimethoxyoxindole, which crystallised from water in needles, 
and melted at 193° and at the same temperature when mixed with 
12. 
the specimen prepared as described above. 
2- Nitro -3:4- dimethoxy henylacetic acid. Vanillin (600g) was 
converted into 2- nitroveratraldehyde (380g) as described by 
Pisovschi, (loc. cit.) by the processes of acetylation, 
nitration, hydrolysis, and methylation. This 2- nitrovera- 
traldehyde was subjected in four batches to the action of 
alcoholic potash (equal weights of aldehyde, potassium hydroxide, 
alcohol, and water) as described by Kay and Pictet. The 
mixture was poured into water, and extracted thoroughly with 
benzene. After being washed thoroughly with sodium bisul- 
phite solution, the extract was dried with sodium sulphate, 
and the benzene removed by distillation under slightly re- 
duced pressure. The residual 2- nitro- 3:4- dimethoxybenzyl alcohol 
(150g), which was practically pure and crystallised on cooling, 
was dissolved in chloroform (1500cc.), cooled in ice, and con- 
verted into 2- nitroveratryl chloride by the gradual addition 
of phosphorus pentachioride (150g). After some hours the 
mixture was poured into water, and next day the chloroform 
layer was separated, dried with sodium sulphate, and distilled; 
the pressure was reduced at the end of the distillation in order 
to remove all the solvent and phosphorus oxychioride. The 
residual 2- nitroveratrylchloride crystallised immediately 
(160g), and was dissolved in alcohol (700cc.), mixed with 
potassium cyanide (90g) in water (170cc.), and heated on the 
13. 
water bath under reflux for about 7 hours. The residue 
was then poured into water (2.5 litres) and 2- nitro -3:4- 
dimethoxy- benzyl cyanide was collected and dried in a vacuum 
desiccator. This dark - coloured crude material (135g) was 
dissolved in ether as far as possible, and the ethereal 
solution was dried with 'sodium sulphate and saturated with dry 
hydrogen chloride while being cooled in ice. Next day, the 
imino -ether hydrochloride was collected and converted into 
2- nitro- 3:4- dimethoxyphenylacetic acid in the manner described 
by Kay and Pictet. The yield was 100gms. 
For the purposes of those experiments in which 2- nitro- 
3:4-dimethoxybenzyl cyanide was required in pure condition, 
the crude preparation was recrystallised from methyl alcohol, 
one purification in this way being sufficient. 
2- Nitro -3:4- dimethoxyphenylacetamide was isolated from 
the aqueous alcoholic filtrate from the preparation of the 
nitrile by extraction with chloroform. The extract was 
dried and distilled, and the residual oil crystallised when 
rubbed with methyl alcohol. The amide crystallised from this 
solvent in colourless needles, m.p .153 
0 
(Found: N, 11.7. 
010H1205N2 
requires N, 11.7 %). The acid is formed by 
hydrolysis with alkali. 
The Demethylation of 2- Nitro- 3:4- dimethoxylhenylacetic Acid. 
The yields in this process depend on the intensity and 
14. 
duration of heating, and the following description is 
typical. 
A mixture of the acid (10g) and concentrated hydrobromic 
acid (70cc. of 47.5 %) was raised rapidly to the boiling point 
by heating over a free flame, and the solution was maintained 
for 15 minutes at such a temperature that gentle ebullition 
occurred. The dark red solution was cooled, and after 2 
hours 2-nitro -3- methoxy- 4- hydroxyphenylacetic acid was 
collected, washed with hydrobromic acid and then with water, 
and crystallised from water (yield, 2.2g). 
The filtrate from this reaction contained 2- nitro -3:4- 
dihydroxyphenylacetic acid, which was isolated by diluting 
with water, (200cc.), filtering from a little amorphous 
material, and extracting repeatedly with ethyl acetate. The 
extracts were dried with sodium sulphate, and the ethyl acetate 
was removed by distillation, reduced pressure being employed 
finally to remove acetic acid as far as possible. The residual 
red oil solidified, and after being rubbed with benzene in which 
it was insoluble, the crystals of 2- nitro -3:4- dimethoxyphenyl - 
acetic acid were collected (5.5g). 
2- Nitro -3- methoxy- 4- hydroxyhenylacetic acid formed orange 
yellow needles when crystallised from water and shining orange 
leaflets when crystallised from toluene; both specimens melted 
at 161° (Found: C, 47.6; H, 3.9. 09H906N requires C, 47.6; 
15. 
H, 3.9%). This acid dissolved readily in alcohol, formed 
an orange solution in sodium hydroxide, and developed a feeble 
green colour with alcoholic ferric chloride. 
2- Nitro -3- methoxy- 4- carbethoxyjphenylacetic acid. The phenolic 
acid (10g) dissolved in water (30cc.) and dilute sodium 
hydroxide )50cc. of 10 %) was coaled in ice and shaken with 
chloroformic ester (10g. added in two batches). The solution 
remained alkaline, and the red colour was discharged in the 
course of a few minutes. Excess of dilute hydrochloric acid 
was added, the liberated oil was taken up in ether, and the 
ethereal extract shaken repeatedly with small quantities of 
potassium bicarbonate solution. Acidification of this 
solution yielded the desired acid as an oil which rapidly 
crystallised; it was collected and dried on porous tile 
(11.4g), and recrystallised from benzene by dissolving in the 
solvent (charcoal), filtering, and concentrating until crystals 
began to separate. 2- Nitro -3- methoxy- 4- carbethoxyphenylacetic 
acid formed colourless diamond - shaped tablets, which melted at 
110 -118° while losing solvent of crystallisation, and at 
132 -133° after being heated at 110° (Loss at 110 °: 11.7. 
C12H1308N. 06H6 requires 11.5 %. Found: C.48.1; H.4.3. 
C12HZ308N requires C, 48.1; H, 4.3%) It was rather readily 
soluble in the usual solvents, and dissolved in 2N sodium car- 
bonate to form a colourless solution. The carbethoxy -group was 
instantly hydrolysed by cold 2N sodium hydroxide, but the acid 
16. 
was not affected by heating at 100° for 20 minutes in 
2N hydrochloric acid. 
The ethereal extract from the preceding preparation 
contained a pale -pink, uncrystallisable oil which was obtained 
by distilling the ether and stirring the residue with ligroin 
so as to dissolve the excess of chloroformic ester. This oil, 
which may have been ethyl 2- nitro -3- methoxy- 4- carbethoxy- 
phenylacetate, produced by the introduction of the carbethoxy- 
group at the reactive methylene -group and elimination of the 
carboxyl of the acid, was converted into the original phenolic 
acid by heating with dilute alcoholic potash on the water bath 
for a few minutes and acidifying with hydrochloric acid. Ethyl 
acetate extracted the acid, which was obtained by distillation 
of the solvent, and was crystallised from water (yield, 0.6g). 
17.0 
Benzylation of 2- Nitro -3- methoxy- 4- coxyphenylacetic acid. 
No benzylation occurred when the acid was heated with benzyl 
chloride and powdered potassium carbonate in dry acetone, and 
the following procedure was therefore adopted. A solution of 
the phenolic acid (1g) in sodium carbonate (30cc. of 2N) was 
boiled under reflux for about 1 hour until the red colour was 
discharged. The liquid was cooled, extracted with ether to 
remove the excess of benzyl chloride (see below), and acidified. 
The oily benzylated acid, which soon crystallised, was dissolved 
in hot benzene, and the solution concentrated. The crystals 
17 . 
(0.4g) which separated on cooling were recrystallised 
from benzene; the benzylated acid formed colourless 
hexagonal plates, m.p. 108 -109° (Found: 0, 60.8; H, 4.9. 
C H O N requires C, 60.6; H, 4.7%) . It formed a colour - 
16 15 6 
less solution in sodium hydroxide solution, and was stable 
to boiling alkali, but the benzyl -group was hydrolysed by 
heating for a few moments with dilute hydrochloric acid. 
The ethereal extract from the preparation contained the 
by- product, which was obtained in crystalline condition by 
evaporating the ether, and stirring the residual oil with 
ligroin to dissolve the benzyl chloride. The yield was 0.64g. 
One crystallisation from ligroin (ó.p.60 -80 °) containing a few 
drops of benzene yielded this substance as colourless needles, 
m.p.80 °, which were insoluble in acid and alkali. (Found: 
C, 66.4; H,3.3; N, 5.0%). It is clear from these analytical 
figures that two benzyl groups have been introduced into the 
molecule. This substance was not affected by heating for 10 
minutes with dilute hydrochloric acid, but dissolved slowly 
in boiling sodium hydroxide yielding an acid which was 
precipitated by acidification. This acid crystallised from 
dilute alcohol in colourless needles, m.p. 144 °, which formed 
a colourless solution in sodium carbonate. 
2- Nitro_ 3:4- dihydroxyphenylacetic acid, when crystallised from 
xylene, formed orange yellow needles, m.p. 171 
o 
, which were 
18. 
readily soluble in water and in alcohol, and developed an 
intense blue -green colour with alcoholic ferric chloride 
(Found: C, 45.5; H.3.5. 08H706N requires 0, 45.1; H,3.3 %) . 
The solution in alkali was crimson. 
2- Nitro- 3:4- dicarbethoxyhenylacetic acid. The phenolic acid 
(above) (1 mol.) was placed in a flask fitted with a mercury - 
sealed stirrer and swept out by a current of hydrogen. The 
flask was cooled in ice, and N sodium carbonate solution 
(5 mol.) was added. The deep red solution was then treated 
with chloroformic ester (1.1 mol.) which was run in from a 
burette, and the colour rapidly changed to pale yellow. 
Charcoal was added to remove a small amount of insoluble oil, and 
the filtered solution was acidified with ice -cold hydrochloric 
acid. The resulting oil was taken up in ether, the ether 
extracted with aqueous potassium bicarbonate, and the product 
obtained from this by acidification and extraction with benzene. 
When the benzene solution was evaporated to small volume, 
X44 
the dicarbethoxyphenylacetic ;crystallised in colourless needles, 
m.p. 115° after softening at 105° (Found: 0, 47.4; H,4.3. 
014H15010N 
requires 0,47.1; H,4.2%). This acid formed 
colourless solutions in cold dilute sodium carbonate and 
bicarbonate, but hydrolysis took place on standing, and was 
instantaneous in sodium hydroxide. The results obtained by 
benzylating 2- nitro_3:4- dihydroxyphenylacetic acid were similar 
19. 
to those described in the case of 2- nitro -3- methoxy -4- 
hydroxyphenylacetic acid. 
5 :6- Dimethoxyanthraiilcarboxylic acid. A solution of 
2-nitro -3 :4- dimethoxyphenylacetic acid in N sodium hydroxide 
was boiled under reflux for 50 hours, and acidified. The 
resulting yellow precipitate was crystallised first from 
water and then from benzene, and the product formed orange 
needles, m.p. 175° (decomp.), which yielded a colourless 
solution in sodium hydroxide (Found: C, 54.1; H, 4.2; 
N, 6.3. C10H905N requires 0,53.8; H.4.0; N,6.3%). 
6- Nitro -3 :4- Dimethoxyphenylacetic acid. This acid was prepared 
both by the condensation of 6- nitrohomoveratrole with oxalic 
ester (Oxford and Raper, J.1927, 417) and by the nitration 
of 3:4- dimethoxyphenylacetic acid which was obtained from 
veratraldehyde by Mauthnerts method (loc.cit.). A mixture of 
3:4- dimethoxyphenylacetic acid (36g) and glacial acetic acid 
(80cc.) was stirred mechanically and cooled in ice. Fuming 
nitric acid (24cc.) in acetic acid (20cc.) was added slowly, 
and the mixture was poured into water.. The precipitated acid 
was dried, and crystallised from glacial acetic acid in faintly 
yellow needles, m.p. 206 -207 °, or from ethyl acetd in 
colourless needles having the same melting point (Found: 
C, 50.04. H, 4.8. C 10H 1106N 
requires C, 49.8; H, 4.6). 
20. 
It was very sparingly soluble in benzene, chloroform, and 
cold water, and sparingly soluble in glacial acetic acid 
and ethyl acetate. Oxford and Raper record the melting - 
point as 202 -204 °, and state that the acid is "readily soluble 
in glacial acetic acid and in ethyl acetate ". A specimen 
prepared by their method was identical in every respect 
with that just described. 
PUBLICATION 1.7 
ATTEMPTED SXNTHESES OP PHENOLIC APORPHINES 
CORYDINE. 
The work described in this paper was carried out 
personally by the author. 
It was to be anticipated that the syntheses of the 
phenolic alkaloids of the aporphine series by the Bischler- 
I apieralski method would be a more difficult problem than 
that presented by the preparation of their ethers, and this 
has indeed proved to be the case. In the first place, it 
is essential to protect the hydroxyl groups during the early 
stages, such as the preparation of the acid chloride and the 
closure of the isoquinoline ring; but the protecting group, 
though stable, must be capable of being removed by comparatively 
mild reagents. Secondly, the protective group must not be 
removed in the process of working -up the nitrobenzyliso quinoline 
because the product, being then a nitrophenolic amine, would 
resemble in its properties the amino- acids, which are notor- 
iously difficult to isolate. And finally, acid or alkaline 
solutions of the phenolic aporphines are sensitive to 
atmospheric oxidation, and this instability is to be expected 
in an even higher degree in the case of the phenolic 
aminobenzyltetrahydroisoquinolines. 
It was decided to attempt in the first instance the 
synthesis of corydine (I). In the preceding paper, it 
was stated that the carbethoxy -group seemed to be suitable 
in many ways for use as a protective radical, and accordingly 
a chloroform solution of 2'- nitro- 3'- methoxy -4'- carbethoxy- 
phenylaceto- p- 3:4:- dimethoxyphenylethylamide (II) was treated 
with phosphorus pentachioride. The Bischler- fapieralski 
2. 
reaction did not proceed quite so smoothly as in the case 
of the fully methylated amides, since a certain amount of 
tarry material was produced, but 21- nitro -3'- methoxy -,i.- 
carbethoxybenzyl-6:7- dimethoxy- 3 :- dihydroisoquinoline (III) 
was obtained by careful neutralisation of an ice -cold 
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The methiodide of this base (III) was readily prepared 
by heating with methyl iodide, but the accomplishment of the 
next stage in the synthesis - reduction - has so far proved 
an unexpected stumbling -block. The reduction has been 
carried out under a large number of varied conditions by 
different reagents, and in each case the result has been 
the same, namely the formation of an uncrystallisable, 
phenolic, basic oil, from which no crystalline derivatives 
have been obtained. This base, which did not contain an 
indole nucleus, did not diazotise when treated with nitrous 
acid, nor did it yield a nitroso- compound which gave 
3. 
Liebermann's reaction. The nature of this substance, there- 
fore, is at present a matter of complete uncertainty, but it 
is hoped that further investigation may bring to light the 
correct conditions for the preparation of the desired amino - 
b enzyltetrahydroiso quinoline. 
The author has not put off the submission of this 
thesis in the hope of being able to record the satisfactory 
conclusion of this synthesis, partly because the difficulties 
involved in the reduction may cause much delay, and partly 
because the available material is now exhausted, and on 
account of the tedious nature of the long series of processes 
required for its preparation,some time must necessarily 
elapse before more is aeßessible. 
Ho etCOzo EtCO 6 
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Similar results have been obtained in a parallel research 
designed for the synthesis of corytuberine (IV). The 
amorphous 2'- nitro- 3':4'- dicarbethoxyphenylaceto- -3:4- 
dimethoxyphenylethylamide (V) yielded crystalline 2'- nitro- 
4. 
3':4'- dicarbethoxybenzyl -6:7- dimethoxy- 3 :4- dihydroisoquinoline 
(VI), from which the methiodide was readily obtained. The 
reduction of this compound with zinc and hydrochloric acid 
produced an uncrystallisable base which had properties 
analogous to those described in the preceding instance. 
EXPERIMENTAL 
2' -Nitro-'' -methoxy-4' -carbethoubenzyl-6 :7-dimethoxL-3:4- 
d ihyd ro i s o qu ino l in e. 2-N i t ro -3 -m ethox y-a -c arb ethox yphenyl - 
acetyl chloride was prepared by heating on the water bath 
under reflux for 30 minutes a solution of the acid (2.8g.) 
and thionyl chloride (2.2cc.) in chloroform (15cc.). After 
the solvent and excess of thionyl chloride had been distilled 
under reduced pressure, the residual acid chloride, a pale 
orange -coloured oil, was dissolved in dry benzene (15cc.) 
and added to a cooled solution of 3:4- dimethoxy -h -phenyl- 
ethylamine (2.2g.) in dry benzene (15cc.). The amide hydro- 
chloride separated as a yellow gum, and five minutes later, 
dilute sodium carbonate solution was added. The benzene 
layer was separated, and the aqueous layer was extracted once 
with benzene; the mixed benzene solutions were washed with 
dilute hydrochloric acid and then with water, and dried 
with sodium sulphate. After the benzene had been evaporated, 
5. 
2'- nitro -3'- methoxy- 4'- carbethoxyphenylaceto -p -3:4- 
dimethoxyphenylethylamide remained as an oil which could 
not be crystallised. 
The amide (3.9g.) was dissolved in chloroform (35cc.) 
and treated with powdered phosphorus pentachloride (5g.). 
The mixture, protected from moisture, was then allowed to 
remain at room temperature for 48 hours, by which time a 
considerable quantity of crystalline material had separated 
from the brown solution. The solvent and phosphorus 
oxychloride were removed by distillation on the water bath 
under reduced pressure, and the yellow residue was dissolved 
in very dilute hydrochloric acid by heating on the water bath. 
This solution was cooled in ice, treated with animal charcoal, 
filtered, and rendered just alkaline with sodium carbonate, 
any rise in temperature being carefully avoided. 2'- Nitro- 
3' methoxy -4' -carbethoxybenzyl -6 :7- dimethoxy -3 :4- dihydro - 
isoquinoline separated as a colourless precipitate, which was 
collected at the pump, washed with water, and crystallised 
twice from methyl alcohol. It formed faintly brown, sharp - 
ended prisms, m.p. 137° (Found: 0,59.7; Fß,5.6. C22H2408N2 
requires 0,59.5; H, 5.4 ) . Hydrolysis of the carbethoxy- 
group took place rapidly when the base was shaken with 
dilute sodium hydroxide (2N), but slowly in presence of cold 
dilute ammonia or when warmed with dilute sodium carbonate 
solution. 
6. 
The methiodide was obtained by boiling a solution of the 
base (3.8g.) in methyl iodide (10cc.) on the water bath. 
Crystals soon filled the clear solution, and after the 
excess of methyl iodide had been distilled, the methiodide 
crystallised from methyl alcohol, from which it separated 
in stellar clusters of yellow needles, m.p. 1600 (decomp.) 
(Found: 0,47.0; h , 4.8 . C 221124°0 
11,4.6%. 
2MeI requires 0,47.1; 
Reduction of the methiodide. Many reductions were carried 
out with zinc dust and hydrochloric acid, and wide variations 
were made in the following conditions: the concentration of 
acid; the temperature; the rate of addition of zinc dust; 
the concentration of the methiodide in the reducing solution. 
Several experiments were performed using stannous chloride, 
or tin, and hydrochloric acid, and other reagents employed 
were hydrogen and colloidal palladium, and sodium hydrosulphit e 
The results obtained are summarised in the theoretical section. 
of this paper, and no useful purpose will be served by 
recording here the details of these experiments. 
PUBLICATION 18 
THE CON-STITUTION OF LAUROTETANINE. SYNTHESES OF 
2:3: 6 :7: -TETRA&îETHOXYAPORPHINE 
AND 
3:4:6:7 -TETRAVIETHQXYAPORPHINE . 
Part of the work described it this paper was done 
personally by the author. The remainder of the 
experiments were carried out by Mr. R. K. Callow 
with the daily help and guidance of the author, 
and under his direction and supervision. 
A resume has been given in the theoretical section of 
this thesis of the arguments by which Gorter (Bull. jard. bot. 
Buitenzorg, 1921, iii, 3, 180) assigned the constitution (I) 
to laurotetanine, an aporphlne alkaloid which occurs in the 
bark of the Javanese Litsea citrata. Gorter observed that 
the dimethyl-derivative of this alkaloid, isoglaucine, showed 
many similarities with glaucine, but did not appear to be 
identical with this base or with corytuberine dimethylether, 
and he therefore assigned to it the formula (II). The very 
recent work of Barger and Silberschmidt (J.1928, November) 
and of Spath and Strauhal (Ber. 1928, November) has shown that 
isoglaucine is in reality impure glaucine, and does not 
therefore contain the vicinal homocatechol grouping in Ring 
III. Theoretical considerations, quite apart from the 
results of these investigators, convinced the author some 
time ago that this vicinal grouping does not occur in the 
aporphine series, and it then became evident that syntheses 
of 2:3:6:7:-tetramethoxyaporphine (II) and of 3:4:6:7:- 
tetramethoxyaporphine (III) would be of the greatest value 
in the elucidation of the true nature of laurotetanine. 
The inclusion of the base (III) as a possible structure for 
isoglaucine was the result of a careful comparison by the . 
author of the colour reactions of all the aporphinee, which 
2. 
showed that the colours developed by the base (II) need not 
necessarily be those exhibited by glaucine (compare Gorter). 
3:4:6:7:- Tetramethoxyaporphine and 2:3:6:7: -tetramethoxy_ 
aporphine were therefore prepared synthetically, and neither 
substance resembled Gorter's isoglaucine. 
2' Nitro-3':4'-dimethoxyphenylaceto-ß-2:3- dimethoxy- 
phenylethylamide (IV), prepared by the interaction of 2- nitro- 
3:4- dimethoxyphenylacetyl chloride with 2 :3- dimethoxy -p - 
phenylethylamine, yielded. 2'- nitro -3':4':5 :6: -tetramethoxy- 
l- benzyl- 3:4- dihydroisoquinoline (V) when submitted to the 
action of phosphorus pentachloride in chloroform solution. 
The reduction of the methiodide of the base (V) by zinc dust 
and hydrochloric acid produced 2'- amino- 3':4':6:7- tetramethoxy- 
l- benzyl -2- methyl tetrahydroisoquinoline (VI), which was 
converted into d1- 3:4:6:7- tetramethoxyaporphine by diazotisation 
in methyl alcoholic sulphuric acid. Resolution of this 
dl -base by means of d- and 1- tartaric acids yielded d- 3:4:6:7- 
This result is of course to be expected in view of the more 
recent investigations. 
3. 
tetramethoxyaporphine,m.p.l25- 12ó.50,G°,] 8 1680, and 1-3:4:6:7 - 
tetramethoxyaporphine, m.p. 125.5 -1260, C 1D° .1670. Details 
of these experiments are given in the experimental section. 
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The dehydrating action of phosphorus pentachloride in 
chloroform solution converted 6'- nitro- 3':4'- dimethoxyphenyl- 
aceto- -2:3- dimethoxyphenylethylamide (VII) into 6' -nitro - 
3': 4': 5: 6- tetramethoxy -l- benzyl- 3:4- dihydroiso quiñoline (VIII) 
in a manner similar to that described in the preceilding case. 
The methiodide of this base was reduced to 6'- amino- 3':4' :5:6- 
tetramethoxy-l- benzyl- 2- methyitetrahydroisoquinoline (IX), 
which yielded d1 -2 :3:6:7- tetramethoxyaporphine when diazotised 
in methyl alcoholic sulphuric acid. Attempts to resolve this 
base by means of d- and 1- tartaric acids were unsuccessful. 
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4. 
A number of other points of interest arose during the 
course of this work, and these are described in the experi- 
mental section. 
EXPERIMENTAL 
2 :3- DimethoxyphenylproRionamide. The usual methods of 
preparation by interaction of the acidchlorid e with ammonia 
and by the reaction of the ester with ammonia were employed. 
(i) 2:3 Dimethoxyphenyipropionic acid (51.2 g.) (Perkin & 
Robinson, J .0 .S . , 1914, 105, 2387) was dissolved in chloro- 
form (200 c.c.), thionyl chloride (50 c.c.) added, and the 
mixture allowed to remain at room- temperature for 40 hours. 
After removing some of the solvent under reduced pressure, 
the mixture was poured into concentrated ammonia solution 
(1 li.). Excess of ammonia and chloroform were removed 
by distillation. Most of the amide separated on cooling, 
and further quantities were obtained by evaporation of 
the mother -liquors. Yield, 48g., 955 of theory. 
(ii) 2:3 Dimethoxyphenylpropionic acid (35g.) was heated under 
reflux for three hours with an excess of methyl alcohol contain- 
ing hydrogen chloride. The liquid was cooled, poured into 
brine, and the oil completely extracted with ether. The 
ethereal solution was washed, dried, and distilled, finally 
under reduced pressure. Methyl 2:3- dimethoxyphenylpropionate 
was collected at 166 - 1760/15mm. The ester (28 g.) and 
concentrated ammonia (250 c.c.) were shaken together for 40 hrs. 
A clear solution was obtained, from which, by evaporation of 
the excess of ammonia, crystals of the amide separated. 
Yield, 15.5 g. 
Some difficulty was experienced in obtaining good 
analytical figures for the amide. A specimen prepared from 
the acid chloride was recrystallised from light petroleum 
(b.p.80 - 100 °), in which it was sparingly soluble, and 
separated as white needles.. The colourless prisms of 2:3- 
dimetb.oxyphenylproponamid e, m.p.97 - 99 °, thus obtained 
were still impure. (Found: N,7.2. C11H1503N requires 
21,6.7 %). The impurity was not removed by a further recrys- 
tallisation. (Found: 0,64.2; H,7.2; N,7.3. Calc. 
0,63.2: H.7.2; N,6.7 %). A specimen of the amide prepared 
from the ester was distilled under reduced pressure and the 
fraction' of b.p.233 - 2359/16 mm. was collected and recrys- 
tallised from light petroleum. (Found: N,6.5%; m.p. 97 -98 °.) 
t'1 : 3 - Dim ethoxyphenylethylamine. This was prepared from the 
amide in the usual way. The amide (50 g.) was treated with 
the sodium hypochlorite prepared from a solution of sodium 
hydroxide (50 g. in 500 c.c.) and chlorine from the calculated 
quantity of potassium permanganate (15 g.) and hydrochloric 
acid. The second stage of the reaction was completed by 
6. 
adding potassium hydroxide (150 g.) and heating on the water 
bath. After being isolated by extraction with ether, the 
product was distilled, and '3 -2:3- dimethoxyphenylethylamine 
was collected at 145 - 155 ° /15 mm. (27 g.). On distillation 
with a short column, the bulk of the liquid boiled at 
158 - 159 °725 mm. 
2'- Nitro- 31: 4t- dimethoxyphenylaceto- (3 -2 :3- dimethoxyphenyl - 
ethylamide. A solution of 2- nitro3:4- dimethoxyphenylacetyl 
chloride (from 19 g. acid) in dry benzene (70 cc.) was added 
slowly, to a cooled solution of (3-2:3-dimethoxyphenyl- 
ethylamine (14 g.) in dry benzene (30 cc.). A slight excess 
of 2N sodium hydroxide was added to the clear solution, and 
the benzene layer was separated. The aqueous layer was again 
extracted with benzene, and the combined extracts were washed 
with dilute acid and with water and evaporated. The tarry 
residue was with some difficulty induced to crystallise by 
rubbing with methyl alcohol (Yield, 26 g., m.p. 81 - 89 °) . 
After recrystallisation from a small quantity of methyl 
alcohol and from 60% ethyl alcohol, 2'- nitro -3' :4t -dime- 
thoxyph.enylaceto -(t -2:3-dimethoxyphenylethylamide was obtained 
as colourless needles, m.p. 95 - 96e. (Found: N, 0.7. 
C20i ?407N2 requires N, 0.9%). The amide was very soluble in 
benzene, readily soluble in methyl or ethyl alcohol, fairly 
soluble in carbon tetrachloride, and insoluble in light 
petroleum. 
7. 
2'- Litro- 5: 6: 3': 4'- tetramethoxy- l- benzzl- 3 :4- dihyd.roisó uino- 
line. The amide (4.5 g.) was mixed with phosphorus penta- 
chloride (5 g.) in chloroform suspension (30 c.c.) and kept 
in a closed vessel. After 36 hrs. a mass of nodular crystals 
had separated. These appeared to consist of an additive 
compound of the product with phosphorus pentachloride or 
phosphorul chloride, since a portion of the solid, when 
separated and washed with chloroform, was highly hygroscopic, 
and the solution in water gave strong positive reactions for 
both phosphate and chloride. The reaction - mixture was 
poured into, water, the chloroform boiled off, and the solution 
filtered from the residual tar. Addition of excess of 
ammonia yielded a gummy precipitate which soon solidified 
(Yield, 2.5 g.). When recrystaliised twice from methyl 
alcohol, 2'- nitro -5:6:3':4'- tetramethoxy -l- benzyl -3:4- 
dihydroiso quinoline was obtained as peach- coloured prisms, 
m.p. 152 - 156° to a red liquid. (Found: 0,62.4; H,5.7. 
C20H220602 requires 0,62.2; H,5.7 %). 
The methiodide was prepared by dissolving the base in 
excess of boiling methyl iodide and allowing the solution 
to cool. The product separated in clusters of small needles 
containing methyl iodide of crystallisation, m.p.110 - 116° 
(effervescence) . Found.: Loss at 95 °:20.3. C21H2506N2I, 
CH3I reauires 21.2 %) . After drying at 950 the methiodide 
melted at 183 - 184° (d.ecomp.) (Found: C.47.8; 
8. 
H,5.1. C21H2506NI requires 0,47.7; H,4.7 %) . The methiodide 
could not be recrystallised satisfactorily,and the specimen 
used for analysis was prepared from the pure base. The 
methiodide was very soluble in methyl or ethyl alcohol, and 
in chloroform, very sparingly soluble in carbon tetrachloride. 
2' -Amino -5 :6 :3' :4' -tetramethoxy-l- benzyl- 2- methyltetrahxdro- 
iso uinoline. The methiodide (6 g.) was suspended in a 
mixture of hydrochloric acid (120 cc.) and water (80 cc.), 
heated on the water bath, and zinc dust (18 g.) added 
gradually until the solution was completely decolourised. 
The solution was filtered while hotyand basified with con- 
centrated ammonia solution. The purple solution was extracted 
with ether (500 cc.), the extract dried over sodium sulphate 
and evaporated to dryness. A mixture of crystals with a 
little gum separated (Yield, 3.7 g.). An attempt to isolate 
the product by passing hydrogen chloride into the ethereal 
solution yielded a sticky product which could not be obtained 
crystalline, and the above method was more satisfactory. 
When purified by recrystallisation from ether, 2'- amino -5:6: 
3' :ß'- tetramethoxy -l- benzyl- 2- meth.yltetrahydroisoquinoline 
was obtained as colourless rhombic plates, m.p. 117.5 - 119.50 
(Found: 0,67.7; H,7.4. C21H2804N2 requires 0,67.7; H,7.5%). 
9. 
Diazotisation of the amine in hydrochloric acid, and addition 
of the solution to an alkaline solution of (3 -naphthol, 
yielded a scarlet precipitate of an azo -dye. 
dl- 3:4 :8:7- Tetramethox aporphine. 
The preceding amine (3.72 g.) was dissolved in a 
mixture of 2N sulphuric acid (20 cc.) and methyl alcohol 
(20 cc.). The solution was cooled in a freezing- mixture 
and diazotised by slowly adding the calculated amount of 
standardised sodium nitrite solution (5.1 cc.) containing 
0.1378 g. / cc.). After allowing the mixture to remain 
for twenty minutes, it was boiled on the water -bath for 
á hour. Concentrated hydrochloric acid (6.cc.) was then 
added, and zinc dust (2 g.) added slowly. When the zinc 
dust had dissolved, the solution was cooled, and made 
strongly alkaline by the addition of sodium hydroxide. The 
solution was then extracted with ether (900 cc.). The 
product was only slowly extracted, and this large volume 
of ether was found to be necessary. The ethereal solution 
was dried over sodium sulphate and evaporated. The gummy 
residue was dissolved in the minimum quantity of hydrochloric 
acid (1:1) and excess of sodium iodide added. A gum separated; 
the supernatant liquid was poured off, and the gum stirred 
with methyl alcohol (20 cc.). dl- 3:4:6 :7 -Tetramethoxy- 
aporphine hydriodide was thus obtained as a white powder. 
10. 
It formed long prisms from methyl alcohol, m.r. 257 - 2620 
after darkening. (Found: 0,52.6; H,5.4. C21H,504N, HI 
requires: 0,52.2; H,5.4%). The free base was obtained 
by grinding the hydriodide with a slight excess of sodium 
hydroxide; the solid was collected by filtration and dried. 
(Yield, 0.87 g., m.p. 122 - 1270). When purified by repeated 
recrystallisation from light petroleum, d1- 3:4:6:7 -tetra- 
methoxyaporphine was obtained as clear yellow plates, m.p. 
131 - 1320. (Found, by microanalysis: 0,70.9; H,7.2. 
021H2504N requires 0,71.0; H,7.0%). The substance was 
very soluble in methyl and ethyl alcohols, acetone, benzene, 
and ether, but insoluble in water. 
Resolution of dl- 7:4:6:7 -Tetramethoxyaporphine. 
The crude base (0.7404 g.) was treated with a saturated 
solution of d- tartaric acid (1 mol., 0.3336 g.) in absolute 
alcohol. No separation took place after keeping for some 
time, but a caseous precipitate (0.5 g.) was obtained finally 
by the addition of benzene to a solution in slightly aqueous 
alcohol. The filtrate yielded a gum (0.7 g.) on evaporation 
to dryness. The precipitate after being twice recrystallised 
from 96% alcohol, yielded d- 3:4:6:7- tetramethoxyaporphine 
d- bitartrate in bunches of needles, m.p. 174 - 1850 after 
11. 
softening. (Found: Loss at 800 in a vacuum over. P205: 
6.4; 7.0. Loss at 1100 in a vacuum over P205, 7.3. Calc. 
for loss of 2H20 from C25H -I310 i0N, 2H20: 6.7 f) . The 
anhydrous salt regained water rapidly in the air. When 
heated at 1100 slight decomposition occurred, for the salt 
then crystallised poorly from alcohol, and low values were 
obtained for the rotation of the salt and of the base as 
compared with the optical isomerides. Concordant values 
were obtained, however, with a specimen obtained by repeating 
the process of resolution. In water, the d- bitartrate had 
ri` 1 = 84.90 (c = 0.930). The base was liberated from 
the bitartrate by sodium hydroxide and extracted with 
chloroform. The residue left by evaporation of the chloro- 
form was recrystallised from light petroleum, yielding d- 
3:4:6:7-tetramethoxyaporphine as long, pale -yellow prisms, 
m. 12r 5°. 
,`f20 0 p. - I2_ In chloroform, (c = 0.459), = 1B8 . 
From mother -liquors and residues of the isolation of 
the d-base d- bitartrate, the base was set free, extracted 
with ether, and the extracts evaporated in a weighed dish. 
The gum (0.4955 g.) thus obtained was treated with 1- tartaric 
acid. (0.2235 g.) in alcohol. Crystals readily separated 
from the solution, and after three recrystallisations from 
alcohol, f -3 :4:6:7- tetramethoxya2orphine 1-bitartrate was 
obtained as needles, m.p. 170 - 1800 after softening. 
12. 
(Found: by microanalysis: Loss at 1000 over P205 in a vacuum; 
7.5 %; and, in anhydrous material, 0,58.7; H,6.1. Calm. 
for C25H31010N, 2H20: Loss 6.7%. C25H31010N requires 
0,58.1; H,6.1 %) . In water (c = 2.044), [00213'5 = -85.2°. 
£- 3:4 :6:7- Tetramethox LaporEhine was obtained from this salt, 
and formed long, pale -yellow prisms from light petroleum, 
m.p. 125 -5 - 1260. In chloroform (c = 0.978), [4] 20 = -.1670, 
(Found, by microanalysis: 0,70.8; H,6.8. C21H2504N requires 
0,71.0; H,7.0%). 
t- 3:4 :6:7- Tetramethox yaporphine methiodide was prepared 
by warming the -base with excess of methyl iodide. A white 
solid separated and melted at 208 - 2100, afterA reeal , 
from methyl iodide by heating on the water bath. 
The following colour- reactions were given by the .Q -base: 
Concentrated sulphuric acid: Very pale green, or blue -green 
in largeramount. Changed to orange -red by addition of 
nitric acid. 
Concentrated nitric acid: Immediate orange -red colour. 
Fr8hde's Reagent: Barely perceptible straw colour. 
Erdmann's Reagent: Immediate deep greenish -blue, changing 
quickly to orange -red. 
Mandolin's Reagent: Deep blue -green, changing to brown. 
13. 
6 -.Nitro- 3:4- dimethoxyrphenElacetie acid. This was prepared 
by nitration of 3:4- dimethoxyphenylacetic acid, and also 
from 6 - nitrohomoveratrole (by way of 6- nitro -3:4- dimethoxy- 
phenylpyruvic acid) by the method described by Oxford and 
Raper (J .0 .S . , 1927. 417) . In the latter case, the yield 
of 6- nitro- 3:4- dimethoxyphenylpyruvic acid was improVed 
by increasing the proportions of potassium ethoxide and ethyl 
oxalate to 6- nitrohomoveratrole. The quantities used by 
Oxford and Raper for 50 g. of 6- nitrohomoveratrole were 
used for 41 g., with in increase in the yield from 60% to 
77% of the theoretical. Potassium (9.9 g.) was pulverised 
by vigorous mechanical stirring under benzene (250 cc.) 
After the liquid had been allowed to cool, and ether (250 cc., 
dry and free from alcohol) had been added, a solution of 
absolute alcohol (14.5 cc.) in dry ether (15 cc.) was slowly 
run in to the stirred mixture. After Q hour, ethyl oxalate 
(37.2 g.) was added, followed by a solution of 6- nitro- 
homoveratrole (41 g.) in dry benzene (300 cc.). The mixture, 
protected from atmospheric moisture and .carbon dioxide, was 
kept at 35 - 40° for 24 hours and stirred continuously. 
Water (500 cc.) was now added, and the purple aqueous layer, 
after separation, was washed with a little benzene and 
acidified with a slight excess of dilute hydrochloric acid. 
14. 
6- Nitro- 3:4- dimethoxyphenylpyruvic acid separated as a 
copious sandy precipitate (42 g.). 
The process for conversion of the pyruvic acid into 
the acetic acid was also modified. The 6- nitro- 3:4- dimethoxy- 
phenylpyruvic acid (42 g.) was dissolved in 2N sodium 
hydroxide (300 cc.). The solution was cooled in iceyand 
perhydrol" was added slowly until the violet colour dis- 
appeared. A small quantity of white, slimy precipitate was 
removed, and the filtrate acidified with dilute sulphuric 
acid. The precipitated 6- nitro- 3:4- dimethoxyphenylacetic 
acid was collected and dried. Yield, 31 g. (83% of theory), 
m.p. 203 -2040 (decompJ. Recrystallised from alcohol, the 
acid was obtained as brown needles, m.p.204 -2050 (206 -2070, 
corr.) Oxford and Raper (loc.cit.) give 203 - 204o. 
6' - Nitro -3' :4' -dimethoxypheulaceto- - 2:3- dimethoxy henÿlethylemide 
Preliminary experiments showed that 6- nitro- 3:4- dimethoxy- 
phenylacetyl chloride could not be prepared in the same way 
as the 2- nitro -derivative. When the mixture of the acid with 
thionyl chloride in benzene was gently warmed, decomposition 
occurred with blackening, and no crystalline amide could be 
prepared from the product obtained after removal of thionyl 
chloride. Further, when the acid was heated with (` -2:3- 
dimethoxyphenylethylamine at 1350, carbon dioxide was lost, 
15. 
with the formation of 6- nitrohomoveratrole. The chloride 
appeared to be formed smoothly when slightly more than one 
molecular proportion of phosphorus pentachloride was added 
to a suspension of the acid in chloroform. Heating or the 
addition of pyridine to this solution caused decomposition. 
The liquid darkened considerably, and no amide could be 
separated from the tarry product obtained after addition of 
f" 2:3- dimethoxyphenylethylamine and treatment in the usual 
way, Some of the desired product was obtained however by 
the addition of an excess of the amine to the solution con- 
taining the acid chloride, and finally the following process 
was adopted. The acid (13.1 g.) was suspended in dry 
chloroform, and phosphorus pentachloride (25 g.) added 
slowly. After shaking for 20 minutes, all the phosphorus 
pentachloride and acid had passed into solution. This 
solution was then added slowly to a vigorously stirred 
mixture of the amine (12 g.) in chloroform (60 cc.) and 
dilute sodium hydroxide (250 cc. of 21 solution and 400 cc. 
of water) cooled in ice. After about 20 minutes the chloro- 
form was separated, the aqueous layer extracted with chloro- 
form, and the combined chloroform solutions washed with 
dilute acid, dried, and evaporated. The residual gum was 
boiled with methyl alcohol. On cooling the product separated 
in white needles (9.5 g.). Recrystallised from methyl 
16. 
alcohol and from benzene, pure 6'- nitro- 3':4'- dimethoxy- 
phenylaceto -! 2:3- dimethoxyphenylethylamide separated as 
white needles containing no solvent of crystallisation, 
m.p. 144.5 - 145.50. (Found: 0,59.8; H,6.2. C 
requires 0,59.4; H,5.9 %). 
20H 240 7112 
6' Nitro -5 :6 : 3' :4' -tetramethoxy- l- ben2yi -3:4-dihydroisoguin- 
olive. The amide (9.5 g.) was added to a solution of 
phosphorus pentachloride (11 g.) in chloroform (60 cc.), 
and the mixture was kept in a closed vessel. Separation 
of nodular crystals began after three days, and appeared to 
be complete after four days. The mixture was poured into 
dilute hydrochloric acid, the chloroform boiled off, and the 
residual tar removed by filtration. When the filtrate was 
made alkaline with ammonia, a tar was precipitated which 
soon solidified (6 g.), When purified by crystallisation 
from methyl alcohol, in which it was sparingly soluble, 
and from benzene, in which it dissolved rather readily, 
6' -nitro -5 :6: 3' :4' -tetramethoxy -l- benzyl- 3:4- dihydroiso- 
quinoline was obtained as colourless prisms, m.p. 187.5 - 
189.50 (Found: 0,62.2; H,5.9. C20H2206N2 requires 0,62.2; 
1- 1,5.7 %). This substance melted to a deep -red liquid, the 
colour fading on resolidification. The cyclisation was 
incomplete, for the tar which was insoluble in hydrochloric 
17. 
acid yielded 1.0 g. of unchanged amide on treatment with 
alcohol. 
The methiodide was prepared by heating the base(3.1 g.) 
with purified methyl iodide under reflux for 12 hours. 
The methiodide separated as yellow crystals, m.p. 111° 
(decomp. with effervescence) (4.95 g.). Good analytical 
figures could not be obtained for this substance. When 
it was recrystallised from absolute alcohol it tended to 
separate as an oil, which solidified only on scratching the 
side of the vessel. This solid, m.p. 146 -147° (with 
decomposition to a red liquid after softening at 140 °) was 
collected and dried in a vacuum. (Found: 0,50.2; H,5.3. 
C21H50 61\12I requires 0,47.7; H,4.7 %). The solution in 
alcohol was red, and when crystallisation took place slowly 
in a not too concentrated solution, a mixture of yellow 
and red crystals separated, m.p. 115 - 1240 (decomp.). 
An apparently homogeneous product was slowly precipitated 
as a yellow powder, m.p. 146 - 14£3° ( decomp., softening at 
1400) when an excess of benzene was added to a solution of 
the methiodide in absolute alcohol. (Found: C,49.6; 
C21H2506N2I requires 0,47.7; H,4.7). The 
analytical figures do not correspond to any simple addition 
of solvent. When heated at 1000 the substance darkened slowly 
and the m.p. fell to 106 -120° (decomp. at 137o). 
18. 
When the methiodide was ground with concentrated 
ammonia solution, a dark -red substance was formed which 
was extracted by benzene as a deep -red solution. An 
attempt to separate the product, presumably a 1:benzylidene- 
2 methyltetrahydroiso quinoline compound (cf. Gulland and 
Haworth, J .0 .S . , 1927, 2085) , by the crystallisation from 
light petroleum of the tarry residue left by evaporation of 
the benzene solution,yielded black crystalline nodules, 
melting indefinitely at 55 -600, and red and yellow 
flocculent fractions, melting indefinitely at 60 - 700. 
The material became yellow on treatment with dilute hydro- 
chloric acid, dissovling to a yellow solution from which 
sodium iodide precipitated the methiodide. The methosul- 
phate of the base, prepared on a small scale by heating 
the base with methyl sulphate in benzene, behaved similarly 
with ammonia solution. 
6' -Amino -5:6:3' :4' -tetramethoxy- 1- benzyl -2 '- 
hydruinoline. The methiodide (3.5 g.) was suspended 
in a mixture of concentrated hydrochloric acid (80 cc.) 
and water (35 cc.), the mixture heated on the water bath, 
and zinc dust (25 g.) added slowly until the solution 
was decolourised. The solution was filtered, basified 
19. 
with an excess of ammonia, and the mixture extracted 
thoroughly with. ether. Evaporation of the ethereal 
solution yielded a gum which could not be induced to 
crystallise. The gum was dissolved in chloroform and 
dry hydrogen chloride passed. On addition of ether, a 
copious white precipitate was formed which was collected. 
(2.2 g.). When purified by two recrystallisations from 
absolute alcohol, 6'- amino -5 :6:3':4' -tetramethoxy -l- benzyl- 
2- methyltetrahydroisoauinoline dihydrochloride was obtained 
as microscopic short needles, m.p. 233.5 - 2350 (decamp.). 
(Found: 0,56.7; H,6.8. C21H 4804N2,2HC1 requires 0,56.6; 
H,6.8°/). The addition of sodium nitrite to 
in dilute hydrochloric acid caused the development of a 
deep -blue colouration, which faded in a few minutes through 
blue -green to yellow. A red precipitate of an azo -dye 
was obtained when the solution was added to an alkaline 
solution of 13- naphthol. 
d1- 2:3:6:7 -T etramethoxyaporphine. 
The preceding dihydrochloride (1.94 g.) was dissolved 
in a mixture of methyl alcohol (10 cc.) and 2N sulphuric 
acid (10 cc.). The solution was cooled in a freezing - 
mixture and the calculated quantity of standardised sodium 
nitrite solution (2.2 cc., 0.1378 g. /cc.) added slowly. 
20. 
After at ordinary temperature for 2 hours, the 
solution was boiled under reflux for 1 hour. Concentrated 
hydrochloric acid (3 cc.) was then added, and the mixture 
reduced by the gradual addition of zinc dust (1 g.). The 
solution was then. filtered, rendered alkaline with an excess 
of sodium hydroxide, and extracted thoroughly with ether. 
The ethereal extract, dried over sodium sulphate, yielded 
a gum on evaporation. This was dissolved in dilute hydro- 
chloric acid and excess of sodium iodide added. The 
supernatant liquid was poured off from the precipitated 
gum, which yielded a white powder when stirred with alcohol. 
The crude hydriodide thus obtained (O.55 g.) was collected 
and dried. It darkened above 2000 and melted at 227.5 - 
230.50 with decomposition. When the hydriodide was ground 
with sodium hydroxide solution, a brown viscous oil was 
formed, which was extracted with chloroform, and the 
extract dried and evaporated. d1- 2:3:6 :7- tetramethoxy- 
aporphine, m. p . 115.5 - 116.50, in the form of very pale 
yellow nodules, was obtained from the gummy residue by 
repeated recrystallisation from light petroleum (b.p.60 - 
800). (Found, by microanalysis: 0,71.0; H,6.9. C21H2504N 
requires C,71.0; H,7.0). The methiodide was prepared 
by warming the base with a little alcohol and excess of 
methyl iodide. The white solid which separated was freed 
21. 
from solvent by heating on the water bath and recrystallised 
from a large volume of methyl alcohol, from which it separated 
as colourless needles, m.p. 204 - zO80. 
An attempt was made to resolve the dl -base by forming 
the d- bitartrate, but this could only be obtained as a gum. 
By fractional separation from absolute alcohol and conversion 
of the more soluble fraction into the 1- bitartrate, two gums 
were obtained which did not become crystalline on repeated 
separation from absolute alcohol. Both yielded the unchanged 
base, m.p. 115.5 - 116.50, which showed no evidence of 
optical activity. 
The following colour- reactions were given by the dl -base: 
Concentrated Sulphuric Acid: Emerald green, becoming intensely 
green on warming, and red on 
dilution. 
Concentrated Nitric Acid: Indigo, becoming deep purple and 
finally brown on warming. 
Fr8hde's Reagent: Colourless 
Erdmann's Reagent: Deep reddish- purple. 
Mandolin's Reagent: Transient green, becoming 
reddish- purple and finally brown. 
22. 
Colour Reactions of the Aporphinee 
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THE CONSTITUTION OF ISOTHEB.AINE . 
ATTEMPTED SYNTHESIS OF 5:4:5- TRTMETHOXYAPORPHINE. 
The work described in this paper was done in 
collaboration with Mr. R.E. Callow, who per- 
formed the experiments under the author's 
supervision and with the daily help and 
guidance of the author. 
In 1914, Klee (Arch. Pharm. 1914. 252, 211) assigned the 
constitution (I) to isothebaine, the phenolic alkaloid which 
a 
occurs in Papaver orientale after the period of blooming and 
the withering of the aerial parts. There car be little 
doubt that Klee was correct in designating isothebaine an 
aporphine alkaloid; its general reactions show conclusively 
that it contains the ring- system of apomorphine and morpho- 
thebaine. On the other hand, the location of the oxygen 
atoms in positions 3,4, and 5 was based on more slender 
evidence. Thus, Klee converted isothebaine by exhaustive 
methylation, oxidation of the vinyl group, and elimination 
of carbon dioxide, into a trimethoxyphenanthrene picrate 
(m.p.160 °) which he considered was impure 3:4:5- trimethoxy- 
phenanthrene picrate (m.p.166°) (Pschorr, Ann. 1912. 391. 40) . 
This conclusion, although possibly correct, clearly requires 
confirmation, more especially since the alternation of the - 
baine and isothebaine as the chief alkaloid of Papaver 
orientale renders the latter base one of the most interesting 
members of the aporphine series. 
No later publication on the subject is recorded, 
possibly on account of the difficulty of obtaining a supply 
of isothebaine, and an attempt was therefore made to 
synthesise 3:4:5 - trimethoxyaporphine (II) by the Bischler- 
Napieralski method in order to compare its properties with 
those of isothebaine methylether. It must be confessed, 
2. 
however, that this work was initiated with some misgiving, 
since it seemed extremely doubtful if the activation of the 
nucleus of the requisite (3 -phenylethylamine would be 
sufficient to allow the formation of the isoquinoline.ring 
to proceed in a normal manner. 
2'- Nitro -3 I:4'dimethoxyphenylacetic -3 -4- methoxyphenyl- 
ethylamide (III) was prepared from 2- nitro -3:4- dimethoxy- 
phenylacetyl chloride and 13- 4- methoxyphenylethylamine 
(Barger and Walpole, J. 1909. 95. 1720), but this amide 
could not be induced to form a benzylisoquinoline under any 
of the conditions which were tried. No reaction took place 
with phosphorus pentachloride in a cold chloroform solution, 
whilst the action of phosphoric oxide on the amide in boiling 
toluene yielded 2 '- nitro- 3':4'- dimethoxyphenyl -( -4- methoxy- 
phenylethylamino)acetylene (IV), isomeric with the isoquino- 
line derivative but devoid of basic properties. This sub - 
stance was probably analogous to the non -basic compound 
3. 
which Kay and Pictet (J. 1913. 103. 947) obtained from 
2- nitro- 3:4- dimethoxyphenylacetic -(3- phenylethylamide as 











The conclusion was drawn that the successful closure 
of the isoquinoline ring is dependent on the presence of 
a strongly para- directive group in the para- position to 
that at which condensation is to take place. It was hoped 
therefore that the introduction of such a para- directive 
group into the 5- position of the nucleus of/3-4-methoxy- 
phenylethylamine would enhance the reactivity at the 2- 
position sufficiently to allow ring- formation to be success- 
fully carried out. The acylamino -group was the most suitable 
for this purpose, since it was essential that the group se- 
lected should be capable of being removed at a later stage. 
Experiments were therefore instituted in order to determine 
the most convenient method of introducing an amino -group 
into the 5- position of (3- 4- methoxyphenylethylamine by the 
4. 
nitration and reduction of the amine itself or of one of 
the intermediate compounds in its preparation. 
Nitration of (3-4- methoxyphenylethylamine in fuming 
nitric acid yielded -3:5- dinitro- 4- methoxyphenylethyl- 
amine nitrate as the chief product, and (3-3:5- dinitro -4- 
hydroxyphenylethylamine was separated from the mother -liquors. 
Attempts to separate the methylated base from the nitrate 
yielded a complex product,which was only partly redissolved 
by acid, and from which no pure compound could be isolated. 
Nitration took place only to a small extent in presence of 
excess of urea nitrate, and nitration of the hydrochloridein 
was Nitration the sulphate in 
concentrated sulphuric acid yielded only f3 -3- nitro -4- methoxy- 
phenylethylamine-5-sulphonic acid. The attempt to nitrate at 
this stage was, therefore, abandoned. 
The nitration of 13 -4- methoxyphenylpropionic acid, on the 
other hand, took place readily. The action of concentrated 
nitric acid yielded 
(3-3- 
nitro -4- methoxyphenylpropionic acid, 
accompanied by small quantities of 
f3-3:5- 
dinitro -4- hydroxy- 
phenylpropionic acid. The occurrence of a demethylated, 
dinitrated, by- product in this case and in the nitration of 
(3-4-methoxyphenylethYlamine may be compared with the result 
obtained by Thorns and Drauzburg (Ber., 1911, 44. 2125) in the 
nitration of dihydroanethol, which yielded considerable 
5. 
quantities of dinitropropylphenol. The mononitro -acid 
was converted into the amide, and the latter into 0 -3- 
d 
nitro -4- methoxyphenylethylamine, which was reduced to ( -3- 
amino -4- methoxyphenylethylamine. The action of 2- nitro -3:4- 
dimethoxyphenylacetyl chloride on this amine yielded 2'- nitro- 
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It was not found possible to acylate the aliphatic amino- 
group separately, and this double amide was, therefore, the 
only compound available for application of the isoquinoline 
synthesis. The action of phosphorus pentachloride on the 
amide in cold chloroform solution yielded a very weakly basic 
tarry product, which formed a picrate, but no pure substance 
could be isolated. Hydrolysis of the crude product by 
boiling concentrated hydrochloric acid yielded a base (VI), 
containing a primary amino - group, which was purified by way 
6. 
of its picrate. This base was isomeric with the desired 
aminobenzylisoquinoline, but the benzoyl derivativo was 
insoluble in acid, and this fact, combined with the feeble 
basicity of the 2- nitro- 3:4- dimethoxyphenylacetyl derivative 
from which it was originally obtained by hydrolysis, indicated 
that the reaction had taken the same course as in the previous 
case. This behaviour may be largely accounted for by the 
insufficient activation by the 2- nitro- 3:4- dimethoxyphenyl- 
acetamido- group, and partly, perhaps, by the complexity of 
the amide. 
EXPERIMENTAL 
( -4- Methoxyphenylethylamine. This chain of reactions was 
used by Barger and Walpole (J.C.S., 1909, 95, 1720) in the 
first synthesis of (-4-methoxyphenylethylamine, but different 
methods have now been employed. 
1 
-Methoxycinnamic acid. Anisaldehyde (120 g) and malonic acid 
(200 g.) in pyridine (320 cc.) and piperidine (7 cc.) were 
heated on the water -bath for 1? hours. The solution was 
boiled for ten minutes, cooled, and poured into excess of 
dilute hydrochloric acid, when the cinnamic acid was pre- 
cipitated. Yield, 92% of theory. 
7. 
(3- 4- Methoxyphenylpropionic acid. The crude cinnamic acid 
was dissolved in 8 -9 parts of water containing an equivalent 
amount of potassium carbonate and reduced by the gradual 
addition of 12 parts of 4% sodium amalgam at a temperature just 
below boiling- point. After filtration, the solution was 
acidified and the precipitated phenylpropionic acid. collected. 
Yield, 85 -90% of theory. 
-4- Methoxy henylpropionamide. Thionyl chloride (105 cc.) 
was added to a solution of f3 -4-methoxyphenylpropiorìic acid 
(125 g.) in chloroform (400 cc.), and the mixture was kept 
at room temperature for 24 hours. After being warmed gently 
for 1 hour, the liquid was cooled and poured into a mixture 
of concentrated ammonia solution (1750 cc.) and sodium hy- 
droxide (71 g.). The chloroform and excess of ammonia were 
removed by distillation, the solution was cooled, and the 
solid thus obtained was recrystallised from a mixture of water 
(1750 cc.) and alcohol (250 cc.). Yield, 67% of theory. 
p)-4-Methoxyphenylethylamine. The general method of Decker 
(Ann. 1913, 395, 291) was employed. (3-4- Methoxyphenylpro - 
pionamide (50 g.) was added to a solution of sodium, hypochlorite, 
prepared from 10 sodium hydroxide solution (550 cc.) and the cal- 
culated amount of chlorine (from hydrochloric acid and 16.5 g. 
potassium permanganate). The amide gradually dissolved, and 
0 
the solution was heated to 70 -80 for half an hour. Solid 
8. 
potassium hydroxide (165 g.) was then added and the heating 
continued for three hours at the same temperature. The amine 
was extracted with benzene (400 cc.), the solvent was removed 
from the extract by distillation, and the amine purified by 
distillation under reduced pressure. Yield, 45% of theory, 
b.p. 145 - 165736 mm.; 127 - 130 ° /12 mm. 
2'- Nitro- 3':4'- dimethoxyphenylacetó-5 -4- methoxyphenylethylamide. 
2- Nitro- 3:4- dimethoxyphenylacetyl chloride (from 12 g. of the 
acid) dissolved in dry benzene (30 cc.) was added slowly to 
a solution of '- 4- methoxyphenylethylamine (8 g.) in dry 
benzene (30 cc.). A buff - coloured precipitate was formed; 
excess of 10% sodium hydroxide solution was then added, and 
the amide which separated was collected. A further amount 
was obtained by separation and evaporation of the benzene. 
Yield, 97% of theory. p.ecrystallisation from 70% aqueous 
alcohol yttlEalbect 2'- nitro -3' :4'- dimethoxyphenylaceto- - 4- 
methoxyphenylethylamide as colourless needles, m.p. 97.5 
o 
. 
(Found: 0, 61.2; H, 5.9. 019H2206N requires 0, 61.0' 
H, 5.9%). When crystallised from benzene, the amide formed 
needles, m.p. 76 -88° containing one molecule of benzene of 
crystallisation (Found: Loss at 97 °, 16.8. Calculated: 
17.2%). 
9. 
The Dehydration of the Amide. - The dehydration was first 
attempted under the conditions used in previous syntheses 
of this type. 
In one experiment the amide, containing benzene of 
crystallisation, (4 g.) was added to a solution of phosphorus 
pentachloride (5 g.) in chloroform (30 cc.), and the mixture 
was preserved in a closed tube. No solid separated after 
four days. Half the solution was then withdrawn, and the 
solvent removed in a desiccator under reduced pressure. The 
residual gum was extracted with boiling water, and the extract 
made alkaline with ammonia. No precipitate was formed. The 
residue slowly solidified, and on recrystallisation from al- 
cohol, the pure amide was recovered. The remaining half of 
the original reaction- mixture was kept out of contact with 
moisture, but no separation of solid had taken place after 
one month. In another experiment the amide (5 g.), dried at 
750, was added to a saturated solution of phosphores penta- 
chloride (12 g.) in chloroform (100 cc.) which had been freshly 
distilled over phosphoric oxide. After. 48 hours the crystalline 
crust which had separated was removed, but this proved to be 
merely phosphorus pentachloride. The chloroform was removed 
from the solution by evaporation on a boiling water -bath under 
reduced pressure for 11 hours, and the black, tarry residue 
was extracted with boiling water. On making the aqueous 
10 . 
extract alkaline, a slight buff precipitate was formed, but 
the amount was too small for examination. Treatment of the 
residual tar with alcohol yielded a small quantity of a 
crystalline substance (A), identified later with the product 
obtained in hot solvents in presence of phosphoric oxide and 
phosphorus pentachloride. 
Further experiments included (a) a repetition of that 
described above, with the addition of phosphoric oxide at 
the end of 36 hours; (b), the action of phosphorus penta- 
chloride and anhydrous aluminium chloride in cold and in 
warm benzene or chloroform: (c), the action of anhydrous 
ferric chloride alone and with phosphorus pentachloride: and 
(d), the action of phosphoric oxide in boiling benzene or 
chloroform. In no case could a basic product be isolated. 
In an experiment in which the amide (0.5 g.) was heated 
for one hour in boiling chloroform (5 g.) with phosphoric 
oxide (0.2 g.) and phosphoryl chloride (0.8 g.) the chloroform 
solution yielded a crystalline substance (B) when evaporated. 
A similar crystalline substance (C) (0.5 g) was obtained by 
heating the amide (1.0 g.) in boiling benzene or toluene (10 g.) 
with phosphoric oxide and phosphorus pentachloride (0.5 g.) 
The substances (A), (B), and (o) were proved to be identical 
by taking mixed melting- points. Recrystallisation from benzene 
yielded microscopic brown needles of a non -basic compound, m.p. 
11. 
142.5 - 144° (Found: C, 64.5; H, 5.9; N, 7.6 %) . Repeated 
recrystallisation from light petroleum yielded light yellow 
needles, m.p. 143.5 -144° (Found by microanalysis: 0, 64.3; 
H, 5.8; N, 7.7. Calc. for C C 64.0 ; H 5 .6 
191120°5N2: ' ' ' ' 
N, 7.9 %) . 
Nitration of ß - 4- Methoxyphenylethylamine. 
Method I. Nitration in Fuming Nitric Acid. - Results which 
were promising at first sight were obtained by following the 
method used by Goss, Hanhart, and Ingold (J.C.S., 1927 -250) 
for the nitration of a -phenylethylamine. (3 -4- Methoxy- 
phenylethylamine (6 g.) was added very gradually to fuming 
nitric acid (d. 1.5; 30 cc.) which was stirred vigorously 
and cooled in ice and salt. Stirring was continued for 
10 minutes after the addition of the amine, and the mixture 
was then poured onto ice. A yellowish -buff precipitate 
(6.0 g) was obtained which was collected, and When dried 
on porous plate melted at 148° (decomp.). This product 
appeared to be decomposed by water, with which it developed 
a red colour, but it crystallised well from 2N nitric acid. 
After two recrystallisations, , -3:5- dinitro- 4- methoxyphenyl- 
ethylamine nitrate was obtained as pale -yellow, microscopic 
plates, m.p. 155-155.5° (decomp.) (Found: 0, 35.7; H, 4.1; 
11°5N30 
HNO3 requires 0, 35.5; H, 4.0; N, 18.2. 09H 
N, 18.4 %). 
12. 
Several attempts were made to separate the base from 
this nitrate. The action of warm, dilute sodium hydroxide 
solution yielded a reddish- yellow tar which soon solidified. 
The solid was only partly soluble in dilute nitric acid, 
concentrated hydrochloric acid, or boiling dilute sodium 
hydroxide solution. It was insoluble in methyl or ethyl 
alcohols. The sodium hydroxide extract slowly deposited 
small purple nodules of a substance which exploded on 
heating. A red precipitate was formed by the addition of 
alcohol to the alkaline mother -liquors. The treatment of 
both these products with dilute nitric acid yielded a green 
solid, which exploded spontaneously when preserved. The 
gradual addition of ammonia to a cooled solution of the 
nitrate yielded a red, gummy precipitate, which slowly solidi- 
fied, and was removed by filtration. The filtrate deposited 
a yellow solid. Neither of these products was redissolved 
completely by dilute nitric acid. In other experiments, 
mixtures of dark nodules and a yellow flocculent solid or 
microscopic yellow needles em.p.l55 -165° (decomp.) in one 
case were obtained. These were sparingly soluble in the 
usual solvents. 
The addition of a slight excess of ammonia to the 
mother -liquors of the recrystallisation of 3 -3:5- dinitro- 
4-methoxyphenylethylamine nitrate yielded a bright -red, 
13. 
crystalline precipitate which darkened slowly above 220° 
and did not melt below 300 °. No suitable solvent having 
been found for recrystallisation, the substance was analysed 
without purification (Found: C, 41.4; H, 4.1; N, 17.5. 
C8H905N3 requires C, 42.3; H, 4.0; N, 18.5) . Treatment with 
a boiling N/5 alcoholic picric acid solution yielded a mixture 
of a red powder and yellow needles. The latter substance, 
which predominated, was purified by repeated recrystallisation 
from water. It then melted at 209 -209.5° (decomp.), and 
appeared to be identical with -3:5-dinitro-4-hydroxyphenyl- 
ethylamine picrate (Found: N, 18.3. C8Hg05N3, C6H307N3 
requires N, 18.4jß.) . (blaser and Sommer, Heiv. China. Acta, 
1923, Ç) 54, give m.p.196° for the picrate, and state that the 
base decomposes without melting at 209 °). 
Method II. Nitration in Nitric Acid treated with Urea Nitrate. 
(3- 4- Methoxyphenylethylamine (7 g.) was added slowly to ice- 
cold nitric acid (30 cc.) prepared by warming concentrated 
nitric acid (d 1.4) with urea nitrate (1.5 g.) On pouring the 
mixture onto ice, a slight oily precipitate was formed. This 
was removed, and the filtrate made alkaline with ammonia and 
extracted with ether. The ether was extracted with dilute 
hydrochloric acid, and evaporation of the acid extract to 
dryness yielded a solid from which colourless crystals of 
14. 
13-4-methoxyphenylethylamjne h drochloride m.p. 206 -208 °, 
were obtained by crystallisation from the minimal volume 
of methyl alcohol. 
In a second experiment the amine (6 g.) was added to 
nitric acid (25 cc.) prepared by treating fuming nitric 
acid (d 1.5) with a large excess of urea nitrate. (3 -4- 
Methoxyphenylethylamine hydrochloride was again isolated 
in an amount roughly equivalent to the quantity of material 
used. 
Method III. Nitration in Acetic Acid. - (3 -4-M.ethoxyphenyl- 
ethylamine (6 g.) in glacial acetic acid (24 g.) was added to 
a mixture of glacial acetic acid (12 g.) and nitric acid (12 g.) 
which had been prepared by treating fuming nitric acid (d 1.5) 
with a large excess of urea nitrate. No perceptible action 
took place until the mixture was warmed for 40 minutes at 
50 -75°. No separation of solid took place on adding water, 
and the addition of ammonia yielded a brown solid (1.9 g.) 
which was recognised as (3-3:5-dinitro-4-hydroxyphenyl- 
ethylamine by conversion into the picrate, m.p. 209 -209.5° 
(decomp.) . 
The nitration of - 4- methoxyphenylethylamine hydro- 
chloride under similar conditions yielded very small quanti- 
ties of solid black products. 
15. 
Method IV. Nitration in Concentrated Sulphuric Acid. 
-4 Methoxyphenylethylamine sulphate was obtained as 
colourless leaflets, m.p . above 280 °, by dissolving the 
amine in the calculated quantity of hot 20% sulphuric acid, 
and cooling the solution. A mixture of nitric acid (d.1.4; 
3.5 g) and concentrated sulphuric acid (12.5 cc.) was slowly 
added to a mechanically- stirred solution of the sulphate 
(7.5 g.) in concentrated sulphuric acid (12.5 cc.), which 
was cooled in a freezing mixture. The product was poured 
onto ice, and the yellow precipitate (9.2 f,3) was collected 
by filtration. This substance was readily soluble in dilute 
aqueous sodium hydroxide, and was reprecipitated by acid. 
It was insoluble in the usual organic solvents, but dissolved 
in 60 parts of boiling water, from which it separated on 
cooling as brown rectangular plates mixed with a few dark - 
brown needles. The plates and needles, either separately 
or mixed, blackened at 293° and melted at 297° with decom- 
position and effervescence. Either the plates or the needles, 
when recrystallised from dilute sulphuric acid, yielded 
( -3- nitro- 4- methoxyphenylethylamine- 5- sulphoric acid as a 
pale orange mixture of plates and needles which lost water 
at about 1400, becoming light -yellow, darkened at about 2900, 
and did not melt below 310° (Found in material dried at 135 °: 
16. 
C, 39.1; H, 4.5; S, 11.7. Calc . for C9H1206N2S 0, 39.1; 
H, 4.4; S, 11.6%). The plates and needles, which had been 
separated mechanically from a well - crystallised specimen, 
lost practically the same percentage weight on heating, 
corresponding to one mol. of water of crystallisation 
(Found, loss at 145 °: Needles, 6.0% Plates, 5.9% Calc. for 
99H1206N2S, 
H20 6.1%). 
One experiment was made to try to eliminate the sulphonyl 
group by means of superheated steam. Signs of decomposition 
were noticed at 190 -200 °, when the substance began to char 
and the condensate became slightly oily and evil- smelling. 
Nitration of (3 - 4- Methoxyphenylpropionic Acid. The nitration 
of ÿ.1- 4- methoxyphenylpropionic acid in nitric acid took place 
smoothly. The best yield of ! ) -3- nitro- 4- methoxyphenyl- 
propionic acid was obtained by the following method. pry, 
powdered 
/3 
-4- methoxyphenylpropionic acid (66 g.) was added 
slowly to vigorously stirred nitric acid (390 cc., d 1.42), 
the temperature being allowed to rise from 10° to 25 °. 
Stirring was continued for ten minutes after all the acid had 
dissolved, and the mixture was then slowly poured onto ice 
(600 g.). The nitration -product separated as a yellow oil 
which quickly solidified. It was collected and dried, and 
was then sufficiently pure for use in the next stage (yield, 
17. 
56.5 g; m.p. 110-1200). The acid was purified for 
analysis by recrystallisation from dilute aqueous methyl 
alcohol, precipitau ion from benzene by light petroleum, 
recrystallisation from water, and finally by recrystalli- 
sation from carbon tetrachloride. The m.p. was unchanged 
by the last crystallisation, which yielded 13 -3- nitro -4- 
methoxyphenylpropionic acid as pale- yellow needles, m.p. 
128 -130.5° (Found: N, 6.0. C10H1105N requires N, 6.0%) . 
The acid was very soluble in methyl alcohol, ethyl alcohol 
chloroform, and benzene; moderately soluble in boiling, 
and slightly soluble in cold, water; slightly soluble in 
boiling, and practically insoluble in cold, carbon tetra- 
chloride; and insoluble in light petroleum. 
The filtrate from the crude -3- nitro- 4- methoxyphenyl- 
propionic acid deposited a mixture (16 g) of a reddish- yellow 
oil and crystals. After repeated recrystallisation from 
dilute acetic acid and from 50% aqueous alcohol, fine, light - 
yellow, glistening plates, m.p. 133 -138 °, were obtained. 
Since repeated recrystallisation did not raise the melting 
point, the substance was purified by precipitation of the 
reddish -yellow barium salt from a dilute ammoniacal solution 
by addition of barium chloride, decomposition of this salt 
by dilute hydrochloric acid yielded the product which was 
recrystallised from boiling water. It then had m.p.136 -139 °. 
18. 
(Found: C, 42.5; H, 3.3; N, 11.3. Calc . for C9H807N2: 
C, 42.2; H, 3.1; N,10.9%). This substance was evidently 
r 
' -3:5- dinitro- 4- methoxyphenylpropionic acid. 
-3- Nitro- 4- methoxyphenylpropionsmide. The amide was obtained 
in moderate yield by the usual method. Thionyl chloride 
(70 g.) was added to the acid (53 g.) in chloroform (300 cc.), 
and the mixture was left to stand overnight. After being 
warmed for 3 hours at 400, the solution was poured into con- 
centrated ammonia (900 cc. d 0.88) containing sodium hydroxide 
(25 g.) . When the chloroform was removed by distillation, 
3 -3- nitro -4- methoxyphenylpropionamide separated from the hot 
solution (yield, 35.5 g; m.p. 123 -127 °) . The product was 
purified for analysis by recrystallisation from benzene and 
from water. It separated from the latter solvent in pale - 
yellow, hexagonal plates, m.p. 126.5 -127° (Found: N. 12.2 
C1n H1204N2 MT reouirss , 
The ammoniacal mother -liquors of the crude amide yielded 
a yellow precipitate when acidified with dilute sulphuric 
acid. Purification by recrystallisation proved unsatisfactory, 
and the substance was ultimately purified by repeated solution 
in dilute sodium hydroxide and reprecipitation by acid. It 
was thus obtained as a canary -yellow powder, m.p. 126 -128° 
(Found: N, 6.6%. Calc . for C9H905N, N, 6.6%). The substance 
19. 
thus appeared to be (3..3_nitro_4_hYdroxïPhenYlProPionic acid. 
ri,-3-Nitro-4-methoxyphenylethylamine. The amine was pre- 
pared from the amide by the usual method. (3-3- Nitro - 
methoxyphenylpropionamide (37.5 g.) was treated with a 
solution of sodium hypochlorite prepared from sodium hydroxide 
solution (400 cc. of 2N) and chlorine (from the calculated 
quantity of potassium permanganate; 15 g.). When the solu- 
tion had been maintained at 70 -80° for half an hour, solid 
potassium hydroxide (100 g.) was added, and the mixture kept 
at 70 -80o for 2 hours. When cold, the mixture was extracted 
with benzene (1C. in five portions), and the benzene was then 
extracted with dilute hydrochloric acid (300 cc. of 2N). The 
acid solution was evaporated to a paste on the water -bath, 
and the resulting hydrochloride (16 recrystallised from 
methyl alcohol (100 co.) A final recrystallisation from 
absolute methyl alcohol (2.5 parts) yielded 
('-3- 
nitro -methoxy- 
phenylethylamine hydrochloride as yellow needles, m.p. 231- 
232°. (Found: N, 11.9. 019H1203N2, HC1 requires N, 12.0%) . 
The base was obtained as an oil when the aqueous solution 
of the hydrochloride was made alkaline with, sodium hydroxide. 
Treatment with benzoyl chloride in presence of sodium 
hydroxide yielded the benzoyl derivative, which crystallised 
from alcohol or benzene in yellow needles; these became red 
20. 
in the light; m.p.129 -130° (Found: C, 63.7; H, 5.1. 
C16H1604N2 
requires C, 64.0; H, 5.3 %) . 
h o 
(3 -3 -144re -4- methoxyphenylethylamine . (3-3- Nitro -4- 
I 
methoxyphenylethylamine hydrochloride (15.7 g.) was dissolved 
in acetic acid (40 cc.) and concentrated hydrochloric acid 
(40 cc.), the solution raised to the boiling point, and stannous 
chloride (30 g., 6 mols.) added gradually. A bulky precipitate 
separated at first,but disappeared as the reduction proceeded. 
The cooled solution was made alkaline by the addition of a 
large excess of sodium hydroxide solution (100 g. in 400 cc.), 
and was extracted with ether. -3- Amino- 4- methoxyphenylethyl- 
amine dihydrochloride (9.4 g) was precipitated by passing hydro- 
gen chloride into the dried ethereal solution, and melted at 
248 -251° (decomp.) . It was purified for analysis by dissolv- 
ing in warm 95% alcohol and adding ether to the warm solution 
until separation began. The dihydrochloride was thus ob- 
tained as white needles, m.p. 253 -254° (decamp.) after dark- 
ening. (Found, by titration: Cl, 29.8. Calo. for 
C19H140N23. 
2H01: Cl, 29.7%) 
2- Nitro- 3:4- dimethoxyphenylacetylation of > -3- Amino -4- methoxy- 
phenylethylamine. 
( -3- Amino -4- methoxyphenylethylamine dihydrochloride 
21. 
(2.4 g.) was decomposed by means of aqueous sodium hydroxide, 
and the oily base extracted with benzene. The benzene ex- 
tract was added to a cooled solution in benzene (40 cc.) of 
2- nitro -3: 4- dimethoxyphenylacetyl chloride (prepared from 
the acid 4.8 g., 2 mots.). After the addition of sodium hy- 
droxide solution in slight excess and filtration to remove a 
small quantity of tar, the benzene layer was separated, and 
evaporated. The gummy residue crystallised when rubbed with 
a little methyl alcohol (yield, 5.7 g), when recrystallised 
from methyl alcohol, 2'- nitro- 31:4'- dimethoxyphenylaceto- 
(3 
-3- 
(2"- nitro- 3 ":4 "- dimethoxyphenylacetamido )- 4- methoxyphenylethyl- 
amide was obtained as white needles, m.p. 158 -159° (Found: 
N, 9.0. C29H32011N4 requires N, 9.1 %) . This substance was 
moderately soluble in benzene, from which it separated slowly 
in ill -defined crystals. 
An attempt was made to prepare 2'- nitro- 3':4'- dimethoxy- 
phenylaceto- -3- amino- 4-- methoxyphenylethylamide by adding the 
acid chloride (1 mol.) to the amine. When hydrogen chloride 
was passed into the dry benzene solution, a tarry precipitate 
was obtained. This was separated and stirred with dilute 
hydrochloric acid. A solid residue of the impure diacyl- 
amide remained, and the solution, on evaporation, yielded white 
crystals of the diamine dihydrochloride. The identity of 
each was confirmed by mixed melting points. Using 2.6 g. 
22. 
diamine dihydrochloride, the weights of diacyl amide and 
diamine dihydrochloride isolated were, respectively, 1.6 g. 
and 0.2 g. 
Treatment of the Amide with Phosphorus Pentachloride. 
The first attempt to prepare the isoquinoline derivative 
from the amide was carried out in the usual way and with the 
usual precautions. Phosphorus pentachloride (3 g.) was 
dissolved in chloroform (20 g.) which had been freshly dis- 
tilled from phosphoric oxide, and the amide (3 g.) was added. 
The solution quickly turned reddish -brown, but no separation 
of solid had occurred after keeping in a closed flask for six 
days. The fact that no considerable amount of any strongly 
basic compound had been formed was shown by boiling a portion of 
the reaction -mixture with water until all the chloroform 
had been removed, filtering, and making the filtrate alkaline 
with ammonia. Only a very slight flocculent precipitate was 
formed. The remainder of the reaction -mixture was treated 
with water and evaporated under reduced pressure at the ordinary 
temperature. The condensation -product (3.6 g.) thus obtained 
was a dark brittle gum, insoluble in acids, which was ground 
up to a yellow powder, m.p. 87 -100° (decomp .) . 
A preliminary examination of this condensation- product 
suggested that it contained a feebly basic compound combined 
with phosphoric or hydrochloric acid. The supposed base 
23. 
could be obtained as a tar by basifying the acid methyl - 
alcoholic solution with ammonia. An amorphous purple powder, 
m.p. 87 -95° (decomp.), was obtained by redissolving the tar 
in methyl alcohol and precipitating by the addition of water, 
but no crystalline substance could be obtained in this way. 
Picric acid in ethyl alcohol yielded a dark -yellow, oily 
precipitate which did not become crystalline after two 
separations from methyl alcohol. The supposed base was also 
obtained in benzene solution when the condensation- product 
was stirred with benzene and concentrated ammonia. The 
benzene solution gave a red tar when evaporated, and attempts 
to prepare a hydrochloride by passing hydrogen chloride into the 
benzene solution, or a methiodide by boiling with methyl iodide 
yielded tarry products. When heated with concentrated hydro- 
chloric acid under reflux, partial solution occurred, and after 
removal of tar, the addition of ammonia produced a small amor- 
phous precipitate which appeared to consist of a primary amine, 
for a deep -red colour was obtained when the substance was diazo- 
tised in hydrochloric acid and added to an alkaline solution 
of(?) -naphthäl . 
On the basis of this preliminary examination, an attempt 
was made to separate a pure product as a picrate. The conden- 
sation was carried out as before, but the chloroform solution was 
exhaustively washed with water. The washings became slightly 
24. 
cloudy when basified with ammonia. The chloroform solution 
yielded a red, brittle gum on evaporation to dryness under 
reduced pressure at the ordinary temperature. A tarry picrate 
was prepared in absolute alcoholic solution, and after re- 
crystallisation from absolute ethyl alcohol, and fractional 
precipitation from benzene by light petroleum, a light- yellow, 
microcrystalline solid was obtained, softening at 92 °, melting, 
at 105 -115 °, decomposing at 120 °. Treatment with dilute 
sodium hydroxide yielded a yellow powder, m.p. 103 -120° 
(decomp.) after softening at 93 °. An attempt to crystallise 
this from alcohol yielded only a trace of amorphous material, 
and the investigation by this method was abandoned, since the 
quantity of available material was rapidly diminishing. 
Further endeavours to elucidate the nature of the con- 
densation- product were confined to an examination of the 
product of its hydrolysis with concentrated hydrochloric acid. 
Hydrolysis was carried out by heating the condensation - product 
under reflex on the water -bath with concentrated hydrochloric 
acid (10 parts) for two hours. The dark solution was separated 
from the tar by filtration, and made alkaline with ammonia. 
A yellow precipitate, m.p. 68 -88° or 65 -75° in different ex- 
periments, was obtained in a yield of 19 -20% by weight. it 
was very soluble in alcohol, sparingly soluble in benzene or 
light petroleum, and attempts to crystallise it were unsuccess- 
ful. The addition of an excess of an alcoholic solution 
25. 
of picric acid to the alcoholic solution of the base, 
followed by the addition of water, yielded a precipitate 
which was repeatedly recrystallised from dilute alcohol. 
The picrate thus obtained formed yellow -brown needles, m.p. 
194 -198° (decomp .) (Found: 0, 49.7; H 4.2 . C H 0 
' ' 19 21 5 
N 
3' 
06H307N3 requires 0, 50.0; H, 4.0%) . Treatment of the picrate 
with cold 2N sodium hydroxide solution yielded the base as a 
brown powder, which was purified by repeated crystallisation 
from light petroleum (ó.p.100- 120 °.), from which it separated 
as microscopic yellow needles, m.p. 169.5 -170° (Found,by 
microanalysis: 0, 61.1; H, 5.8; N, 11.2. 019H21003 requires 
0, 61.4; H, 5.7; N, 11.3%). The base became gummy and then 
slowly dissolved when treated with dilute hydrochloric acid. 
When this solution was treated with sodium nitrite and added to 
an alkaline solution of 1- naphthol, a deep, cherry -red colour 
was developed. Treatment with benzoyl chloride and sodium 
hydroxide yielded a benzoyl derivative, which formed microscopic 
yellow crystals, m.p. 188 -195 °, when crystallised from dilute 
methyl alcohol or light petroleum. 
hydrochloric or sulphuric acid. 
It was insoluble in dilute 
PUBLICATION 20. 
ATTEMPTED SYNTHESES OF APOMORPHINE D1METHYLETHER. 
part of the work described in this paper was carried out 
personally by the author. The remainder of the experiments 
were performed either by kr. O. J. Virden or by Mr. R. K. 
Callow with the daily guidance and help of the author, and 
under his supervision. 
1. 
In 1913, Kay and Pictet (J.1913.103.950) endeavoured 
to synthesise apomorphine dimethylether (I) by submitting 
2- nitro -3 :4- dimetho.xyphenylaceto- ( -phenylethylamide (II) to 
the action of phosphoric oxide. They did not succeed in 
attaining their object, however, since the only substance 
which they were able to isolate was a non -basic compound, 
isomeric with the expected isoquinoline derivative, to 
which they assigned the constitution (III). Twelve years 
later, Gadamer, Oberlin, and Schoeler (Arch. Pharm. 1925. 
263.81) observed that the action of phosphoric oxide on 
2- nitrophenylaceto -.( -phenylethylamide followed a similar 
course. 
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Before proceeding to the examination of other methods 
for the synthesis of apomorphine or its dimethylether, or 
of similarly constituted alkaloids which cannot be obtained 
by the Bischler- Napieralski reaction, such as isothebaine, 
it was essential to repeat some of the experiments described 
above. The researches of Kay and Pictet were therefore 
reinvestigated, and their results have been confirmed and 
2. 
extended. This work may be summarised by stating that 
dehydrating agents, for example phosphorus pentachloride 
and phosphoric oxide, either have no effect on the amide (II), 
or else convert it into the non -basic substance (1TI). 
Elevated temperatures favour the occurrence of the second 
type of reaction. 
Now, the Bischler- Napieralski reaction may be success- 
fully employed for the conversion of phen.ylaceto -- - 
phenylethylamide into benzyldihydroisoquinoline (IV) (Pictet 
and Kay, Ber.1909.42.1973; Decker and Kropp, ibid.2075; 
Decker, Kropp, Royer, and Becker, Ann.1913.395.299), and 
thus it is evident that the failure of the nitrated amides 
to undergo ring -formation is due to the activation of the 
methylene group of the acyl residue by the nitro -group in 
the ortho- position. Experiments were therefore instituted 
to achieve the isoquinoline synthesis using an amide in 
which the methylene group was replaced by a carbonyl group, 
which could be reduced at a later stage. The preparation 
of 2- nitro- 3:4- dimethoxyphenylglyoxylic acid for this 
purpose by the interaction of 2- nitro -3:4- dimethoxybenzoyl 
chloride and silver cyanide proved most unsatisfactory, and 
attention was therefore directed to the use of benzoylamino- 
phenylglyoxylic acid, which may be obtained from isatin 
by benzoylation in alkaline solution ( Schotten, Ber.1591. 
24.773). When some preliminary difficulties in the prep- 
aration of the acid chloride had been surmounted 
3. 
benzoylaminophenylglyoxylo- P -phenylethylamide (V) was 
submitted to the action of dehydrating agents. Unfortunately 
no isoquinoline derivative could be isolated, and this method 
of attacking the problem was therefore abandoned. 









The ease with which a carbonyl- and an amino -group lose 
the elements of water to form a five- or a six -membered ring 
has for long seemed to the author to offer a possible means 
of building -up the nitrogenous ring of the aporphines onto 
a preformed phenanthrene system. If this were possible, the 
difficulties presented by the synthesis of apomorphine and 
isothebaine would be overcome. The experiments carried out 
with this object in view have not so far been successful, 
but they reveal several points of interest. The fundamental 
idea has been the preparation of a substituted desoxybenzoin 
(VI) or an allied substance, which would not only undergo the 
Pschorr reaction forming a phenanthrene derivative, but 
would also lose with ease the elements of water, yielding 
a dihydroisoquinoline (VII). 
4. 
A consideration of the problem in its various aspects 
made it clear that the reacting molecules in the synthesis 
must be (VIII) and (IX) respectively, and that processes such 
as the Friedel-Orafts reaction could not be employed. In 
furtherance of this idea, it seemed that 2- nitro- 3:4- dimethoxy- 
benzyl cyanide was the most suitable compound containing 
activated hydrogen atoms on the (- carbon atom, and a 
number of preliminary experiments were performed under varied 
conditions in order to test the possibility of preparing 
a desoxybenzoin derivative by the action of ethyl benzoate 
or benzoyl chloride on the sodio- derivative of this nitrile. 
No crystalline product could be isolated; this result may 
be due to the interaction of two molecules of the nitrile 
in the manner observed in the case of benzyl cyanide by 
Atkinson and Thorpe (3.1908 .89.1913) and by Lees and Thorpe 
(3.1907.91.1287). 
2- Nitro -3:4- dimethoxybenzyl cyanide and benzaldehyde 
readily reacted in sodium ethoxide solution Yielding 
L- cyano -2- nitro -3:4- dimethoxystilbene (X), and it was 
5. 
hoped that the following series of changes might be practic- 
able, and might then be extended to the actual synthesis. 
Unfortunately, however, the substance (X) was quite unaffected 
by hydrogen bromide in ether solution, and it was found by 
subsequent experiment and by comparison with analogous cases 
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Efforts to employ a derivative of desoxybenzoin were 
then abandoned, and it was decided to take advantage of the 
ease with which 2- nitro --3:4- dimethoxybenzyl cyanide condenses 
with aldehydes. The requisite (. ;- o- aldehydophenylpropionic 
acid (XI) was unknown, and fruitless attempts were made to 
prepare it either by the condensation of phthalaldehyde with 
malonic acid, or by the reduction of the cyano -group of 
13 
-o- cyanophenylpropionic acid (Edwards, J.1926,813) by the 
method of Stephen (J.1925.127.1874). Conditions were then 
devised for the preparation of o- cyano-2- nitro- 3:4- dimethoxy 
-2'- aldehydostilbene (XII) by the condensation of phthalalde- 
hyde with 2- nitro- 3:4- dimethoxybenzyl cyanide, but this 
6. 
aldehyde (XII) yielded no crystalline material when heated 
with malonic acid and piperidine in pyridine solution with 











As a result of the experiments which have been described 
in the proceeding pages, the following scheme was ultimately 
selected for the attempted synthesis of apomorphine dimethyl- 
ether: 




















The preparation of the substance (XIV) by the reduction 
of -cyano -2- nitro -3:4- dimethoxy- 2'- aldehydostilbene 
offered considerable difficulty; no homogeneous material 
was obtained from the reduction by means of zinc and hot 
dilute hydrochloric or acetic aids, and the unchanged nitro - 
compound was recovered after attempted reductions, either 
by stannous chloride or by tin in a cold mixture of acetic 
and hydrochloric acids, or by ferrous hydroxide and alcoholic 
ammonia. Nevertheless, the simplicity of the ferrous hydroxide 
reductions in the case of the 04 -aryl- 2- aminocinnamic acids 
made this method worthy of further investigation, and the 
aldehyde (XII) was therefore converted into the Schiff' 
base, c4 -cyano -2- nitro -3:4- dimethoxy- 2'- aldehydaminophenyl.- 
3 "- carboxystilbene (XV) in order to render the material soluble 
in ammonia solution. The reduction of the substance (XV) 
in cold ammonia solution by means of ferrous hydroxide yielded 
an amino -acid, C23H2304N3, which appeared from a consideration 
of its properties to be 2 -(2'- methyl -3 "- carboxyphenylamino 
phenyl) -3- cyano- f :7- dimethoxydihydroindole (XVI). 
MeA 
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8. 
This substance was soluble in alkali and in acid, and the 
prolonged action of boiling concentrated hydrochloric acid 
yielded only the corresponding hydrochloride, thus proving 
that the double -bond of the Schiff's base had been reduced. 
With nitrous acid, the sulphate formed a nitroso- compound 
which gave Liebermann's reaction, but diazotisation did 
not take place. Decomposition of the hydrochloride by means 
of sodium acetate regenerated the amino -acid (XVI) in the 
form of a polyhydrate, which was partly dehydrated when 
heated, and which was converted into the anhydrous compound 
by crystallisation from glacial acetic acid. Further details 
are described in the experimental section of this paper. 
EXPERIMENTAL. 
o- Benzoylaminophenylglyoxylic acid was prepared from sodium 
isatinate by benzoylating in presence of the least possible 
excess of alkali. Isatin (15g) was warmed with sodium hydro- 
xide (100cc. of 2N; 2 mols.) until a clear yellow solution 
was obtained. After being cooled, the solution was shaken 
with an excess of benzoyl chloride, and as it gradually 
became acid, the product separated as an oily solid. This 
was collected, and crystallised from dilute acetic acid, when 
it melted at 193 -195 °. 
(3- 
Phenylethylamine- o- benzoylamino- 
phenylglyoxylate was prepared by mixing ethereal solutions 
9. 
of the amine and the acid. The caseous precipitate thus 
formed was crystallised from water, from which the salt 
separated in colourless needles, m.p.177-179°(decomp.) 
(Found: N,7.4. C23H2204N2 requires N,7.2 %). 
o-Benzoylaminophenylglyoxylo- -phenylethylamide. Fruitless 
attempts were made to prepare this amide from the salt 
described above by treating an ether suspension with 
phosphorus pentachloride Or phosphoric oxide. Hydrolysis 
of the amide took place in every case. Efforts were then 
made to prepare o- benzoylaminophenylglyoxyl chloride by the 
interaction of the acid with thionyl chloride. An immediate 
reaction occurred when the acid and thionyl chloride were 
mixed, but the very unstable product decomposedso readily 
that other conditions were investigated. Finally, the 
amide was prepared by shaking the dry, powdered acid (2.5g) 
with thionyl chloride (20g). The acid dissolved, and the 
excess of thionyl chloride and the sulphur dioxide and 
hydrogen chloride were removed by repeated evaporation of 
the mixture with dry benzene. The residual benzene solution 
was then added gradually to a cooled solution. of (3 -phenyl- 
ethylamine (3g. ;2 mols.) in benzene. The resulting solution 
of the amide was washed with sodium carbonate, hydrochloric 
acid, and water, dried, and distilled. The residue was 
crystallised twice from alcohol, and the amide obtained as 
pale yellow needles, m.p.136.5- 1380(Found: 0,74.6; H,5.5 
10. 
023H2O03N2 requires 0,74.2; H5.4 %). The amide was recovered 
unchanged after being submitted to the action of phosphorus 
pentachloride in chloroform for one month, and was destroyed 
by treatment with phosphoric oxide in boiling toluene. 
-Oyano -2- nitro- 3 :4- dimethoxystilbene. A normal solution 
of sodium ethoxide in absolute alcohol was added gradually 
to a solution of 2- nitro -3:4- dimethoxybenzyl cyanide (lg) 
and benzaldehyde (0.5g) in a small quantity of warm absolute 
alcohol until a permanent reddish brown colouration was 
produced, and the mixture was maintained at 550 for one 
hour, and cooled. When the vessel was rubbed with a glass 
rod, the product separated, and was collected next day 
(yield, O.78g). Several crystallisations from alcohol 
yielded a very pure specimen, m.p.125.5 °, which was readily 
soluble in ether and acetone (Found: 0065.6; H,4.5. 012H1404N2 
requires 0,85.8; 13,4.6 %,). Piperidine may be used as a 
catalyst in place of sodium ethoxide, and the yield is un- 
changed. This substance was recovered unchanged from an 
metly dkolvolec 
ethereal /solution which had been saturated with hydrogen 
bromide and preserved for some days. 
01 -0yano -2- nitro- 3: 4- dimethoxy- 2'- aldehydostilbene. Normal 
Sodium ethoxide solution (10.5cc.) was added to 
11. 
2- nitro- 3:4- dimethoxybenzyl cyanide (10g) and o- phthal- 
aldehyde (5.6g) dissolved in a small quantity of warm 
absolute alcohol. The vigour of the reaction which soon 
began was cheâked by cooling the flask in running water, and 
the product separated as an oil which rapidly solidified. 
When recrystallised from alcohol, it formed long, colourless 
needles, m.p.153 °, which were sparingly soluble in the usual 
solvents (r'ound: 0,63.8; H,4.3. 0 101405N2 requires 0,63.9; 
H,4.1 %). This substance was recovered unchanged from a 
suspension in concentrated hydrochloric acid which had been 
boiled for 24 hours. It was destroyed by the action of zinc 
dust in hot dilute acetic or hydrochloric acid, but was not 
reduced by treatment with stannous chloride or tin in a mixture 
of cold hydrochloric acid and acetic acid, nor by the action 
of f erroue hydroxide in alcoholic aqueous ammonia. The 
yield in the condensation was 80j of that theoretically 
possible; the use of piperidine as a catalyst depressed the 
yield and retarded the rate of the reaction. 
A dark green amorphous precipitate was obtained by 
pouring into hydrochloric acid a mixture of the aldehyde 
(0.5g), malefic acid (0.75g), and piperidine (3 drops) which 
had been heated in pyridine at 100° for 2 hours. This 
precipitate was collected, extracted with sodium carbonate, 
and the extract was acidified with hydrochloric acid. The 
resulting pale brown amorphous solid was readily soluble 
in alcohol, acetone, acetic acid, and chloroform, sparingly 
12. 
soluble in benzene, and insoluble in water and ligroin. 
No crystalline material was obtained from it. The phenyl - 
hydrazone separated from a solution of the aldehyde and 
phenyl hydrazine in warm glacial acetic acid, and was 
crystallised from alcohol in golden -yellow leaflets m.p. 
179 -190° (Found: N, 13.1. C24H2O04N4 requires N, l3.1.). 
Piperonylidene -m- aminobenzoic acid. This and the following 
experiment were carried out in order to investigate the 
conditions required for the preparation of Schiff's bases 
of this type. 
An intimate mixture of piperonal and m- aminobenzoic acid 
was heated at 100° for 30 minutes, and the residue was crys- 
tallised from alcohol. It formed cream -coloured needles, 
m.p.244 -245 °, which were very sparingly soluble in cold 
alcohol, and were rapidly hydrolysed by warm dilute 
mineral acids. (Found: C,66.8; H, 4.2. C 15141104 requires 
C,66.9; H,4.l%). This substance was not reduced by treatment 
with ferrous hydroxide in cold ammoniacal solution in 
absence of air. 
Piperonylidene- p- aminobenzoic acid, which did not crystallise 
well, was prepared in a similar manner. It formed brown 
nodules consisting of needles, m.p.243° when crystallised 
from alcohol (Found: N,5.3; C15H1104N requires N,5.3%) 
13. 
of -Oyano-2- nitro -3 :4- dimethoxy- 2'- aldehydaminophenyl -3 "- 
carboxystilbene. An intimate mixture of m- aminobenzoic 
acid and o( -cyano -2- nitro- 3: 4- dimethox_y- 2'- aldehydostilbene 
in equimolecular proportions was heated slowly in an oil 
bath. At 135 °, the mass shrank together and became darker 
in colour, and the temperature was maintained at this point 
for 30 minutes. The residue was crystallised from alcohol, 
from which it separated in needles, m.p.246° (decomp.) 
(e ound: N,9.2. 025H1906N3 requires N,9.2). This Schiff's 
base was readily hydrolysed by warm dilute mineral acids, 
and dissolved in dilute ammonia, from which it was precipit- 
ated in an amorphous condition by acetic acid. An ammoniacal 
solution decomposed when heated at 100° for a short time, 
changing in colour from bright yellow to green, and finally 
to black. An uncrystallisable material was obtained by 
acidification of this solution. 
2-(2'- Methyl- 3 "- carboxyphenylaminophenyl) -3- cyano -6:7 -dime- 
thoxydihydroindole. This reduction had to be carried 
out at room temperature, since the ammoniacal solution of 
the Schiff's base was decomposed by heat. 
A solution of the Schiff's base (0.6g) in air -free, 
ice -cold, dilute ammonia (20 cc.) was added to a solution of 
ferrous sulphate (4.4g) in ice -cold, air -free water (20cc.), 
14. 
which was stirred mechanically in a flask fitted with a 
mercury- sealed stirrer and swept out by a stream of 
hydrogen. The initial green precipitate slowly darkened, 
and ultimately became quite black. The stirring was contin- 
ued for E hours, and the mixture was then allowed to stand 
in the atmosphere of hydrogen until next day. The pre- 
cipitated f erroso- ferric oxide was too finely divided to be 
collected on a filter, and charcoal was therefore added, 
and the solution acidified with dilute acetic acid. The 
solid was then collected at the pump, washed with water, 
and extracted with acetone in a Soxhlet apparatus for 
several hours. After the acetone had been removed by 
distillation, the crystalline residue was recrystallised 
from alcohol, and formed colourless needles, m.p. 225° 
(Found: 0,69.4; H,5.0. By microanalysis, 0,70.0; H,5.0; 
N,9.8. 025H2304N3 requires 0,89.9; H,5.3; N,9.8 %). This 
substance dissolved slowly in cold sodium hydroxide, sodium 
carbonate, or ammonia. It did not give the colour reactions 
characteristic of an indole. A solution in concentrated 
sulphuric acid developed a deep violet colour on the 
addition of sodium nitrite, and dilution and extraction 
with ether yielded a nitroso- compound (not isolated) which 
gave Liebermann's nitroso- reaction. 
When the product of the reduction was heated with 
boiling dilute hydrochloric acid for a short time, it was 
15. 
converted into the sparingly soluble, yellow hydrochloride, 
m.p.307° (decomp.), which was analysed without further 
purification (Found: 0,82.7; H,4.9; 01,7.2. C25H2304N3 
HC1.H00 requires 0,62.2; H,5.4; 01,7.6(1). This salt was 
sparingly soluble in cold water, but dissolved on boiling. 
If this solution, which was yellow and faintly cloudy, was 
allowed to cool without the vessel being scratched, the 
liquid set to a gel. If, on the other hand, the vessel 
was scratched, a solid separated which was faintly yellow 
in colour and melted over a wide range of temperature from 
200° upwards. This was probably a mixture of the hydro- 
chloride and the base, formed by hydrolysis. The hydro- 
chloride was not altered by prolonged heating with concen- 
trated hydrochloric acid. 
When the hydrochloride was warmed gently with aqueous 
sodium acetate solution, a colourless crystalline substance, 
m.p.320 °, was deposited. It was sparingly soluble in the 
usual solvents, and was crystallised by dissolving it in 
much hot alcohol, filtering the solution, and concentrating 
the filtrate; it formed colourless needles, m.p.322° (Found 
in different specimens: By microanalysis, 0,67.2; H,5.4; 
N,9.2. By microanalysis, 0,60.2; H,5.6; N,8.5. 
025H2304N3.H20 requires 0,67.2; H,5.6; N,9.4, and 
025H2304N3.4H20 requires 0,60.0; H,6.2; N,8.4%). It seemed 
probable that the two specimens were a tri- and a hexa- hydrate 
16. 
respectively, since the first specimen when dried for analysis 
at 100° in an air oven lost 7.9% of its weight, and was then 
a monohydrate (Loss of 2H20 from 025H2304N3.3H20 requires 7.7%), 
and the second specimen lost 6.9% of its weight when dried for 
analysis at 110° under reduced pressure in presence of phosphoric 
oxide (Loss of 2H20 from 025H2304N2.6H20 requires 6.7 %) . 
This substance was an amino -acid, since it dissolved in 
sodium hydroxide, sodium carbonate, and ammonia, and regen- 
erated the hydrochloride when treated with dilute hydrochloric 
acid. It could not be diazotised, and was converted into the 
reduction -product, m.p.225 °, when crystallised from glacial 
acetic acid. 
